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I  was i n v o l v e d  i n  a d m i n i s t r a t i o n  o f  t h e  a n a e s t h e t i c s  a l o n g  
w i t h  Dr. Hugh W i s h a r t  i n  a l m o s t  e v e r y  c a s e .  I  o r  Dr. W i s h a r t  
t o o k  t h e  s a m p l e s  f o r  b lo o d  g a s  a n a l y s i s ,  and i n  a l m o s t  e v e r y  
i n s t a n c e  I  was  r e s p o n s i b l e  f o r  a n a l y s i s  o f  r e s u l t s  ( c h a p t e r  2, 
s e c t i o n  I ) .  I  c o l l e c t e d  and a n a l y s e d  a l l  s a m p l e s  i n  t h e  s t u d y  
p r e s e n t e d  i n  c h a p t e r  2,  s e c t i o n  I I ,  e x c e p t  when t h e  ABL1 b l o o d  
g a s  a n a l y s e r  was  o u t  o f  a c t i o n ,  when a n a e s t h e t i c  l a b o r a t o r y  
s t a f f  k i n d l y  p e r f o r m e d  t h e  a n a l y s e s .  I a n  D o u g la s  i n v e s t i g a t e d  
t h e  c a l i b r a t i o n  e r r o r  i n  r e s p o n s e  t o  p e r s i s t e n t  and p u z z l e d  
c o m p l a i n t s  a b o u t  t h e  s t r a n g e  b e h a v i o u r  of  t h e  ABL1.
I  p e r s o n a l l y  u n d e r t o o k  t h e  f o l l o w  up o f  a l l  p a t i e n t s  ( w i t h  
s e c r e t a r i a l  h e l p )  and  a n a l y s e d  a l l  t h e  r e s u l t s .
By t h e  s p e c i a l i s t  n a t u r e  o f  t h e  s t u d i e s  c o m p r i s i n g  
c h a p t e r s  3 and 4 o f  t h e  t h e s i s ,  t h e s e  w e re  o f  n e c e s s i t y ,  
c o l l a b o r a t i v e  work.  As i n d i c a t e d  i n  t h e  a c k n o w l e d g e m e n t s ,  Mr. 
I a n  Gray c o - o r d i n a t e d  and a r r a n g e d  v e n o g ra p h y  on p a t i e n t s  f rom  
my s t u d y  and t h e s e  v e n o g r a m s  w ere  c a r r i e d  o u t  by t h e  D e p a r t m e n t  
o f  R a d i o lo g y  a t  t h e  W e s t e r n  I n f i r m a r y .  A lso  a s  i n d i c a t e d ,  t h e  
l a b o r a t o r y  w o rk  f o r  t h e  v i s c o s i t y  s t u d i e s  was  p e r f o r m e d  by Dr. 
Maureen  Drummond a t  G lasgow Royal  I n f i r m a r y .  Dr. A l a s t a i r  
Drummond and  m y s e l f  t o o k  t h e  b l o o d  s a m p l e s .
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Where a p p r o p r i a t e ,  c o n s e n t  was  s o u g h t  f rom  p a t i e n t s  f o r  
b l o o d  s a m p l i n g  p r o c e d u r e s .  I n  a l l  i n s t a n c e s  c o n s e n t  was  v e r b a l  
and no w r i t t e n  p e r m i s s i o n  was  a s k ed .  T h i s  p r a c t i c e  r e f l e c t e d  
t h e  p o l i c y  a t  t h a t  t i m e  i n  t h e  W e s t e r n  I n f i r m a r y  (1 9 7 7 -1 9 8 0 ) .
I n  t h e  v e n o g r a p h y  s t u d y ,  t h e  m a t t e r  was l e f t  t o  t h e  d i s c r e t i o n  
o f  t h e  o r t h o p a e d i c  s u r g i c a l  te am  who o b t a i n e d  v e r b a l  c o n s e n t ,  
w h e re  p o s s i b l e .
More r e c e n t l y ,  p r a c t i c e s  r e g a r d i n g  c o n s e n t  have  become 
more  f o r m a l  and  t h e  a u t h o r  r e c o g n i s e s  t h a t  f o r m a l  a p p l i c a t i o n  
t o  a h o s p i t a l  e t h i c a l  c o m m i t t e e  w ou ld  be now be made f o r  a l l  
c l i n i c a l  s t u d i e s  and w r i t t e n ,  i n f o r m e d  c o n s e n t  m i g h t  be 
c o n s i d e r e d  n e c e s s a r y  d e s p i t e  t h e  d i f f i c u l t i e s  i n  some g r o u p s  of  
p a t i e n t s  such  a s  t h e  e l d e r l y .
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SUMMRY
P a t i e n t s  h a v i n g  r e p a i r  o f  f r a c t u r e d  neck  of  f e m u r  a r e  one 
o f  t h e  h i g h e s t  r i s k  g r o u p s  commonly p r e s e n t i n g  f o r  a n a e s t h e s i a  
and t h e  i n c i d e n c e  o f  f r a c t u r e d  neck  o f  f e m u r  i s  r i s i n g  a l m o s t  
a l a r m i n g l y .  P a t i e n t s  a r e  g e n e r a l l y  v e ry  e l d e r l y  and p r e ­
o p e r a t i v e  m e d i c a l  p r o b l e m s  a r e  e x t r e m e l y  common. G r e a t  demands 
a r e  p l a c e d  on h e a l t h  c a r e  r e s o u r c e s  and p o s t - o p e r a t i v e  
m o r b i d i t y  and  m o r t a l i t y  a r e  h ig h .
The c h o i c e  o f  a n a e s t h e t i c  t e c h n i q u e  l i e s  m a i n l y  b e t w e e n  
c o n v e n t i o n a l  g e n e r a l  a n a e s t h e s i a  (GA) o r  some fo rm  o f  r e g i o n a l  
a n a e s t h e s i a ,  o f  w h ich  s u b - a r a c h n o i d  b l o c k  (SAB), o t h e r w i s e  
r e f e r r e d  t o  a s  " s p i n a l ” a n a e s t h e s i a ,  i s  p r o b a b l y  t h e  m o s t  
a p p r o p r i a t e .  Many a n a e s t h e t i s t s  f e e l  t h a t  s p i n a l  a n a e s t h e s i a  i s  
s u p e r i o r  t o  g e n e r a l  a n a e s t h e s i a  f o r  t h e  p a t i e n t  w i t h  f r a c t u r e d  
n e c k  o f  f e m u r  and t h e  p r e s e n t  t h e s i s  a t t e m p t s  t o  com pare  and 
a s s e s s  o b j e c t i v e l y  some a s p e c t s  and e f f e c t s  o f  t h e s e  
a n a e s t h e t i c  t e c h n i q u e s  i n  p a t i e n t s  h a v i n g  r e p a i r  o f  f r a c t u r e d  
neck  o f  f e m u r .
S u b - a r a c h n o i d  s p i n a l  a n a e s t h e s i a  was  com pared  w i t h  
c o n v e n t i o n a l  g e n e r a l  a n a e s t h e s i a  i n  r e s p e c t  o f  e f f e c t s  on 
r e s p i r a t o r y  f u n c t i o n  i n  t h e  i m m e d i a t e  p e r i - o p e r a t i v e  p e r i o d ,  
i n c i d e n c e  o f  p o s t - o p e r a t i v e  deep  v en o u s  t h r o m b o s i s  and p e r i ­
o p e r a t i v e  c h a n g e s  i n  b l o o d  v i s c o s i t y  and i t s  d e t e r m i n a n t s .  
C o m p a r a t i v e  r e s u l t s  a r e  p r e s e n t e d  o f  m o r t a l i t y  and o u tc om e  o v e r  
t h e  y e a r  f o l l o w i n g  o p e r a t i o n .  148 p a t i e n t s  p r e s e n t i n g  f o r  " p i n  
and p l a t e ” r e p a i r  o f  f r a c t u r e d  neck  o f  f e m u r  w e r e  r a n d o m l y  
a l l o c a t e d  t o  r e c e i v e  g e n e r a l  (GA) o r  s p i n a l  (SAB) a n a e s t h e s i a .
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A n a e s t h e t i c  T e c h n i q u e s  
GA g r o u p
A n a e s t h e s i a  was  i n d u c e d  w i t h  a l t h e s i n  (G laxo)  1-3ml i . v .  
T r a c h e a l  i n t u b a t i o n  was  f a c i l i t a t e d  by s u x a m e th o n iu m  50mg and 
p a t i e n t s  b r e a t h e d  h a l o t h a n e  i n  66$ n i t r o u s  o x i d e  i n
oxygen .
SAB g ro u p
1 . 3 - 1 .5ml  o f  " h e a v y ” n u p e r c a i n e  was  i n j e c t e d  i n t o  t h e  s u b -  
a r a c h n o i d  s p a c e .  I f  s e d a t i o n  was  n e c e s s a r y  s m a l l  d o s e s  o f  
i n t r a - v e n o u s  d ia z e p a m  w e r e  g iv e n .
B lood  Gas S t u d i e s
A r t e r i a l  b l o o d  g a s  a n a l y s i s  was  p e r f o r m e d  i n  100 p a t i e n t s ,  
i m m e d i a t e l y  b e f o r e  i n d u c t i o n  o f  a n a e s t h e s i a ,  one h o u r  a f t e r  
i n d u c t i o n  and one h o u r  a f t e r  t h e  end o f  s u r g e r y .  P r e - o p e r a t i v e  
pOg v a l u e s  w e re  low  (mean 9.04 kPa) and r e m a i n e d  u n ch an g e d  
d u r i n g  and a f t e r  a n a e s t h e s i a  i n  t h e  SAB g roup .  However,  i n  t h e  
GA g ro u p  t h e r e  was  a s i g n i f i c a n t  f a l l  i n  mean PaOg o f  0.68 kPa 
by one h o u r  a f t e r  t h e  end o f  a n a e s t h e s i a .
The ch a n g e s  i n  PaOg i n  t h e  GA g roup  w e re  f u r t h e r  
i n v e s t i g a t e d  i n  d e t a i l ,  by m u l t i p l e  s a m p l i n g  o v e r  t h e  f i r s t  
h o u r  a f t e r  a n a e s t h e s i a  i n  10 p a t i e n t s ,  who b r e a t h e d  room a i r .  
T h i s  r e v e a l e d  a h i g h l y  s i g n i f i c a n t  f a l l  i n  PaOg, g r e a t e s t  i n  
t h e  f i r s t  10 m i n u t e s  a f t e r  d i s c o n n e c t i o n  f ro m  t h e  a n a e s t h e t i c  
g a s e s ,  and a g r a d u a l  r e c o v e r y  f rom  a mean o f  6.65 kPa a t  w o r s t  
t o  8.5 kPa a t  t h e  end  o f  t h e  h o u r .  Some p a t i e n t s  had  pOg v a l u e s  
r e p e a t e d l y  l e s s  t h a n  4 kPa,
____________
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I n c i d e n c e  o f  Deep Venous  T h r o m b o s i s
Deep v e n o u s  t h r o m b o s i s  (DVT) o c c u r s  i n  up t o  80$,  o r  more,  
o f  p a t i e n t s  w i t h  f r a c t u r e d  neck  o f  f e m u r ,  and p u lm o n a ry  
th r o m b o - e m b o l i s m  i s  a m a j o r  c a u s e  o f  t h e  h i g h  m o r t a l i t y  
a s s o c i a t e d  w i t h  t h e  c o n d i t i o n .  An a c c u r a t e  o b j e c t i v e  a s s e s s m e n t  
o f  t h e  i n c i d e n c e  o f  DVT i s  o b t a i n e d  by a s c e n d i n g  v e n o g r a p h y .  
Twenty  p a t i e n t s  i n  e a c h  a n a e s t h e t i c  g roup  r e c e i v e d  v e n o g r a p h y  
b e t w e e n  t h e  7 t h  and 1 0 th  d a y s  a f t e r  s u r g e r y .  The i n c i d e n c e  o f  
DVT i n  t h e  SAB g ro u p  (40$) was s i g n i f i c a n t l y  l o w e r  t h a n  t h a t  i n  
t h e  GA g ro u p  (75$) .  An a s s e s s m e n t  o f  p o s s i b l e  m e c h a n i s m s  o f  
e f f e c t s  of  a n a e s t h e s i a  c o n c l u d e s  t h a t  g e n e r a l  a n a e s t h e s i a  may 
p r e c i p i t a t e  DVT w h i l e  s p i n a l  a n a e s t h e s i a  may be p r o t e c t i v e  i n  
t h i s  r e s p e c t .
P e r i - o p e r a t i v e  Changes  i n  B lo o d  V i s c o s i t y
B lood  v i s c o s i t y  i s  d e t e r m i n e d  by t h r e e  m a in  v a r i a b l e s ;  
h a e m a t o c r i t ,  p l a s m a  p r o t e i n  c o n c e n t r a t i o n s  ( p a r t i c u l a r l y  
f i b r i n o g e n ) ,  and t h e  d e f o r m a b i l i t y  o f  r e d  c e l l s .  V i s c o s i t y  can  
a f f e c t  t h e  i n c i d e n c e  o f  DVT f o r m a t i o n  and i s  i m p o r t a n t  i n  
d e t e r m i n i n g  p e r f u s i o n  o f  v i t a l  o r g a n s .
Whole b lo o d  v i s c o s i t y  was  m e a s u r e d  a l o n g  w i t h  i t s  m a j o r  
d e t e r m i n a n t s ,  b e f o r e ,  d u r i n g  and 2 h o u r s  a f t e r  s u r g e r y .  Mean 
v i s c o s i t y  was  s i g n i f i c a n t l y  r e d u c e d  f rom  p r e - o p e r a t i v e  v a l u e s  
i n  t h e  SAB g ro u p  b o t h  i n t r a - o p e r a t i v e l y  and p o s t - o p e r a t i v e l y .  
V a l u e s  w e re  u n c h a n g e d  i n  t h e  GA g ro u p .  Mean h a e m a t o c r i t  was  
s i g n i f i c a n t l y  l o w e r  i n  t h e  SAB g ro u p  b o th  d u r i n g  and  a f t e r  
a n a e s t h e s i a  co m p ared  w i t h  t h e  GA g roup .  F i b r i n o g e n  l e v e l s  d i d  
n o t  change  i n  e i t h e r  g ro u p  b u t  r e d  c e l l  d e f o r m a b i l i t y  was  
s i g n i f i c a n t l y  i n c r e a s e d  f ro m  p r e - o p e r a t i v e  v a l u e s  i n  t h e  SAB
19
  •. _ :  :..................
4 %
gro u p  i n t r a - o p e r a t i v e l y ,  b u t  had  r e t u r n e d  to  b a s e l i n e  by t h e
t i m e  o f  t h e  p o s t - o p e r a t i v e  s a m p le .  I n  t h e  GA g ro u p
d e f o r m a b i l i t y  was  s i g n i f i c a n t l y  r e d u c e d  f rom p r e - o p e r a t i v e  
v a l u e s  b o th  d u r i n g  and a f t e r  a n a e s t h e s i a .
The v i s c o s i t y  c h a n g e s  may o f f e r  p a r t  o f  t h e  e x p l a n a t i o n
f o r  t h e  d i f f e r e n c e  i n  i n c i d e n c e  o f  DVT b e t w e e n  t h e  a n a e s t h e t i c  
g r o u p s .
M o r t a l i t y  and  Long Term Outcome
148 p a t i e n t s  w e r e  f o l l o w e d  up f o r  t h e  f i r s t  y e a r  a f t e r  
r e p a i r  o f  f r a c t u r e d  neck  o f  f e m u r .  By t h e  end o f  t h e  y e a r  t h e r e  
w e re  no s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s .  O v e r a l l ,
34$ had d i e d ,  50$ had  gone  home, 12$ w ere  i n  h o s p i t a l  o r  
i n s t i t u t i o n a l  c a r e  and 4$ w e re  l o s t  t o  f o l l o w  up.
Len g th  o f  h o s p i t a l  s t a y  d i d  n o t  a p p e a r  t o  be a f f e c t e d  by 
a n a e s t h e t i c  t e c h n i q u e .  The mean l e n g t h  o f  s t a y  i n  t h e  a c u t e  
h o s p i t a l s  was  42.9 d ays  f o r  t h e  GA g ro u p  and 38.8 days  f o r  t h e  
SAB g ro u p .  Mean h o s p i t a l  s t a y  i n c l u d i n g  c o n v a l e s c e n c e  was  84.4 
days  o v e r a l l .
A l th o u g h  l o n g  t e r m  m o r t a l i t y  was e s s e n t i a l l y  i d e n t i c a l  
t h e r e  was  a s i g n i f i c a n t l y  l o w e r  e a r l y  c u m u l a t i v e  m o r t a l i t y  i n  
t h e  SAB g r o u p  by 14 d a y s  a f t e r  s u r g e r y .  A c l u s t e r i n g  o f  d e a t h s  
was s e e n  i n  t h e  GA g roup  b e t w e e n  t h e  6 t h  and 1 6 th  p o s t ­
o p e r a t i v e  days .  T h i s  d i f f e r e n c e  i n  d i s t r i b u t i o n  o f  t i m i n g  o f  
d e a t h s  c o u l d  be a t t r i b u t a b l e  t o  a  d i f f e r e n c e  i n  i n c i d e n c e  o f  
t h r o m b o - e m b o l i c  e v e n t s ,  a h y p o t h e s i s  s u p p o r t e d  by t h e  DVT and 
v i s c o s i t y  r e s u l t s .
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An a n a l y s i s  o f  t h e  r e l a t i v e  m e r i t s  o f  t h e  two a n a e s t h e t i c  
t e c h n i q u e s  i s  a t t e m p t e d  and t h e  i n f l u e n c e  o f  p r a c t i c a l  a s  w e l l  
a s  t h e o r e t i c a l  f a c t o r s  a s s e s s e d .  The d a n g e r s  o f  d r a w i n g  
c o n c l u s i o n s  f rom  s h o r t  t e r m  f o l l o w  up i s  c l e a r l y  d e m o n s t r a t e d .  
The a u t h o r  c o n s i d e r s  t h a t ,  c o n t r a r y  t o  t h e  o p i n i o n  c u r r e n t l y  
h e l d  by many a n a e s t h e t i s t s  and d e s p i t e  t h e  s p e c i f i c  a d v a n t a g e s  
o f  s p i n a l  a n a e s t h e s i a  d e m o n s t r a t e d  i n  t h i s  t h e s i s ,  g e n e r a l  
a n a e s t h e s i a  i s  t h e  p r e f e r a b l e  m e thod  o f  a n a e s t h e s i a  f o r  r e p a i r  
o f  f r a c t u r e d  neck  o f  f e m u r .  S p i n a l  a n a e s t h e s i a  s h o u l d  c o n t i n u e  
t o  be t a u g h t  and r e s e r v e d  f o r  t h o s e  p a t i e n t s  f o r  whom i t  s h o u l d  
o f f e r  p a r t i c u l a r  b e n e f i t s .
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CHAPTER 1
INTRODUCTION AND BACKGROUND
SECTION I  F r a c t u r e d  Neck o f  Femur
[ 1 ,1 ]  The P ro b le m  o f  F r a c t u r e d  Neck o f  Femur
The a c u t e  and l o n g  t e r m  c a r e  o f  p a t i e n t s  who hav e  
s u s t a i n e d  a f r a c t u r e  o f  t h e  f e m o r a l  neck  i s  a g r e a t  b u r d e n  on 
t h e  r e s o u r c e s  o f  t h e  N a t i o n a l  H e a l t h  S e r v i c e .  As t h e  c o n d i t i o n  
o c c u r s  m a i n l y  i n  t h e  e l d e r l y ,  a s e c t i o n  of  t h e  p o p u l a t i o n  
s t e a d i l y  i n c r e a s i n g  i n  num ber ,  t h e  need  f o r  h o s p i t a l  and a f t e r ­
c a r e  f a c i l i t i e s  i s  c e r t a i n  t o  i n c r e a s e  i n  t h e  f u t u r e .  T h i s  
e l d e r l y  p o p u l a t i o n  f r e q u e n t l y  s u f f e r s  f rom  a w i d e  v a r i e t y  o f  
c o n c u r r e n t  d i s e a s e  p r o c e s s e s ,  f o r m i n g  a p a r t i c u l a r l y  d i f f i c u l t  
and h i g h  r i s k  g r o u p  f o r  a n a e s t h e s i a  and s u r g e r y .
The s t u d i e s  p r e s e n t e d  i n  t h i s  t h e s i s  a t t e m p t  t o  ex a m in e  
t h e  e f f e c t s  o f  two d i f f e r e n t  a n a e s t h e t i c  t e c h n i q u e s  on a 
v a r i e t y  o f  p h y s i o l o g i c a l  p a r a m e t e r s  i n  p a t i e n t s  h a v i n g  s u r g i c a l  
r e p a i r  o f  f r a c t u r e d  neck  o f  f e m u r ,  and a l s o  t o  e x a m in e  e f f e c t s  
o f  a n a e s t h e t i c  m anagem en t  on ou tc o m e ,  b o th  i n  t h e  s h o r t  and 
l o n g  t e rm .  I t  i s  i m p o r t a n t ,  f i r s t l y ,  h o w e v e r ,  t o  p u t  t h e  
p r o b le m  o f  f r a c t u r e d  neck  o f  f e m u r  i n t o  p e r s p e c t i v e ,  b o t h  i n  . 
t e r m s  o f  t h e  g r e a t  dem ands  on h e a l t h  c a r e  r e s o u r c e s ,  and t h e  
c o n s i d e r a b l e  m o r b i d i t y  and m o r t a l i t y  a s s o c i a t e d  w i t h  t h e  
c o n d i t i o n .
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[ 1 .2 ]  I n c i d e n c e  o f  F r a c t u r e d  Neck o f  Femur
There  s eem s  l i t t l e  d o u b t  t h a t  t h e  i n c i d e n c e  o f  f e m o r a l  
neck  f r a c t u r e  i s  r i s i n g  a t  an a l m o s t  a l a r m i n g  r a t e  and 
s u b s t a n t i a l l y  f a s t e r  t h a n  may be e x p l a i n e d  by t h e  i n c r e a s i n g  
p r o p o r t i o n  o f  e l d e r l y  i n  t h e  p o p u l a t i o n .  In  1968,  3 ,855  
p a t i e n t s  w e re  a d m i t t e d  t o  h o s p i t a l  i n  S c o t l a n d  w i t h  t h e  
d i a g n o s i s  o f  f r a c t u r e d  neck  o f  f e m u r  b u t  by 1978,  t h e  
c o m p a r a b l e  f i g u r e  was  6 ,160  ( S c o t t i s h  H o s p i t a l  I n p a t i e n t  
S t a t i s t i c s ,  1968 and 1978).  T h i s  r i s e  may be due p a r t l y  t o  t h e  
r i s e  i n  t h e  p r o p o r t i o n  o f  e l d e r l y  i n  t h e  p o p u l a t i o n ,  b u t  
d i s c h a r g e s  f rom  h o s p i t a l  a f t e r  f r a c t u r e d  neck  o f  f e m u r  
e x p r e s s e d  p e r  m i l l i o n  S c o t t i s h  p o p u l a t i o n ,  have  r i s e n  f rom  739 
i n  1968,  t o  1,193 i n  1978 and t h e  m a j o r i t y  o f  p a t i e n t s  a r e  
women w i t h  a r a t i o  i n  e x c e s s  o f  3 t o  1.
A l th o u g h  t h e  S c o t t i s h  H o s p i t a l  I n p a t i e n t  S t a t i s t i c s  do n o t  
g i v e  a d e t a i l e d  b reakdow n  o f  i n c i d e n c e  i n  ea c h  age r a n g e  on 
a d m i s s i o n ,  t h e y  do q u o t e  d i s c h a r g e  r a t e s  f o r  v a r i o u s  age 
g ro u p s .  For e x a m p le ,  i n  1968, i n  f e m a l e s  o f  75 y e a r s  o f  age and 
o v e r ,  t h e  d i s c h a r g e  r a t e  was  13.1 p e r  1000 p o p u l a t i o n .  By 1978, 
t h i s  had  i n c r e a s e d  t o  18.1 p e r  1000.
O th e r  s t u d i e s  c o n f i r m  t h e  r i s e  i n  i n c i d e n c e  o f  f e m o r a l  
n eck  f r a c t u r e  b o t h  i n  t h i s  c o u n t r y  and e l s e w h e r e .  I n  Sweden,  
Z e t t e r b e r g  and A n d e r s s o n  (1982) r e p o r t e d  a h i g h l y  s i g n i f i c a n t  
i n c r e a s e  i n  i n c i d e n c e  i n  b o t h  s e x e s  o ve r  t h e  p e r i o d  f ro m  1965 
t o  1979.  I n  E n g lan d  and W ales ,  a n n u a l  a d m i s s i o n s  f o r  f r a c t u r e d  
neck  o f  f e m u r  i n c r e a s e d  t h r e e f o l d  o v e r  t h e  p e r i o d  1959 t o  1977 
( L e w is ,  1981).  L e w is  c a l c u l a t e d  t h a t  81$ o f  t h e  i n c r e a s e  f o r  
m a l e s  and 68$ o f  t h a t  f o r  f e m a l e s  was i n d e p e n d a n t  o f  t h e  change  
i n  age s t r u c t u r e  o f  t h e  p o p u l a t i o n .  However,  t h a t  s t u d y  u s e d
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" H o s p i t a l  A c t i v i t y  A n a l y s i s "  d a t a  and Rees (1982)  c a u t i o n e d  
t h a t  such  m e th o d s  may be an  u n r e l i a b l e  g u i d e  t o  t r u e  i n c i d e n c e .  
Knowelden ,  Buhr and Dunbar (1964)  r e p o r t e d  an  a n n u a l  i n c i d e n c e  
o f  ab o u t  3 f r a c t u r e s  of  t h e  neck  o f  f e m u r  p e r  1000 p o p u l a t i o n  
i n  women o v e r  75 y e a r s  o f  age .  W a l l a c e  (1983) fo u n d  t h e  
c o m p a r a b l e  i n c i d e n c e  t o  be 8 p e r  1000 i n  1971 r i s i n g  t o  16 p e r  
1000 i n  1981. F e m o r a l  neck  f r a c t u r e  may c o m p r i s e  one s i x t h  o f  
a l l  f r a c t u r e s  ( K e i t h ,  1973).
The i n c i d e n c e  r i s e s  s h a r p l y  w i t h  age ,  f rom 0.42 p e r  1000 
p e r  y e a r  i n  t h o s e  u n d e r  60 y e a r s  o f  a g e ,  t o  5.11 p e r  1000 p e r  
y e a r  f rom  a g e s  70 -7  9 and 27.11 p e r  1000 i n  t h o s e  aged  90-94  
y e a r s  ( G a l l a n n a u g h ,  M a r t i n  and  M i l l a r d ,  1976).  Thus,  i t  i s  
s a l u t a r y  t o  c o n s i d e r  t h a t  a p p r o x i m a t e l y  2$ o f  women and 1$ o f  
men o v e r  t h e  age  o f  85, f r a c t u r e  t h e i r  f e m o r a l  n e c k s  ea c h  y e a r  
( G a l l a n n a u g h  e t  a l ,  1976).
The r e a s o n s  f o r  c h a n g e s  i n  i n c i d e n c e  a r e  n o t  c l e a r l y  
u n d e r s t o o d  and do n o t  f a l l  w i t h i n  t h e  s c o p e  o f  t h e  p r e s e n t  
t h e s i s ,
[ 1.33 H o s p i t a l  Bed Occupancy
The e l d e r l y  p a t i e n t  w i t h  a f r a c t u r e d  h i p  t e n d s  t o  have  a 
v e r y  l o n g  d u r a t i o n  o f  s t a y  i n  h o s p i t a l .  The mean d u r a t i o n  o f  
s t a y  h a s ,  h o w e v e r ,  d e c r e a s e d  f ro m  45 d a y s  i n  1968 t o  35.3 d a y s  
i n  1978 , b u t  t h e  t o t a l  "bed d a y s "  i n c r e a s e d  f ro m  172,094 i n  
1968 t o  2 1 8 ,2 5 8  i n  1978 ( S c o t t i s h  H o s p i t a l  I n p a t i e n t  
S t a t i s t i c s ,  1968 and 1978).
I n  a r e g i o n a l  s u r v e y  o f  2 ,6 1 9  p a t i e n t s  w i t h  f r a c t u r e d  n e c k  
o f  f e m u r ,  G a l l a n n a u g h  e t  a l  (1976)  f o u n d  t h e  a v e r a g e  l e n g t h  o f  
h o s p i t a l  s t a y  t o  v a r y  w i t h  age f rom  l e s s  t h a n  24 d a y s  i n
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p a t i e n t s  u n d e r  60 y e a r s  t o  o v e r  35 days  i n  p a t i e n t s  o v e r  75 
y e a r s .  The a u t h o r s  o f  t h a t  s t u d y  c a l c u l a t e d  t h a t  p a t i e n t s  w i t h  
h i p  f r a c t u r e  o c c u p i e d  t h e  e q u i v a l e n t  o f  a 250 bed h o s p i t a l  i n  
t h e  S o u th  West Thames r e g i o n .
[1.43  M o r t a l i t y
The c o n d i t i o n  c a r r i e s  a v e r y  c o n s i d e r a b l e  m o r t a l i t y .  The 
m a j o r i t y  o f  d e a t h s  o c c u r  i n  t h e  f i r s t  few w eeks  a f t e r  t h e  
f r a c t u r e  and a f t e r  6 m on ths  t h e  m o r t a l i t y  r a t e  a p p r o a c h e s  t h a t  
o f  t h e  g e n e r a l  p o p u l a t i o n  ( A l f f r a m ,  1964).  The m o r t a l i t y  r a t e  
i n  t h a t  s t u d y  a p p e a r e d  t o  be u n r e l a t e d  t o  t h e  s e x  o f  t h e  
p a t i e n t  o r  t h e  t y p e  o f  f r a c t u r e ,  b u t  r o s e  s t e e p l y  w i t h  age.
B a r n e s ,  Brown, G arden  e t  a l  ( 1976 ) ,  i n  a m u l t i - c e n t r e  
p r o s p e c t i v e  r e v i e w  o f  1503 p a t i e n t s  w i t h  s u b c a p i t a l  f r a c t u r e s  
o f  t h e  f e m u r  found  t h e  o v e r a l l  m o r t a l i t y  a t  one month  a f t e r  
o p e r a t i o n  t o  be 7.4$ i n  f e m a l e s  and  13.3$ i n  m a l e s .  In  
p a t i e n t s  u n d e r  65 y e a r s  of  age ,  o n ly  1.6$ o f  f e m a l e s  and no 
m a l e s  d i e d  w i t h i n  one m onth  o f  o p e r a t i o n ,  w h i l e  t h e  c o m p a r a b l e  
m o r t a l i t y  r a t e s  i n  p a t i e n t s  aged  o v e r  84 y e a r s  w as  20.7$ o f  
women and 37$ o f  men. By 6 m o n th s  a f t e r  t h e  f r a c t u r e ,  24$ o f  
m a l e s  and 16$ o f  f e m a l e s  had  d i e d .  Only a few f u r t h e r  d e a t h s  
o c c u r r e d  o v e r  t h e  n e x t  6 m o n ths .  The m o r t a l i t y  r a t e s  a t  6 and 
12 m onths  may be an  u n d e r e s t i m a t e  a s  a c o n s i d e r a b l e  number  o f  
p a t i e n t s  ( a b o u t  16$) w e re  l o s t  t o  f o l l o w  up.
G a l l a n n a u g h  e t  a l  (1976) f o u n d  t h e  o v e r a l l  h o s p i t a l  
m o r t a l i t y  i n  2 ,619  p a t i e n t s  w i t h  h i p  f r a c t u r e ,  t o  be 21.6$ o f  
m a l e s  and 19.6$ o f  f e m a l e s .  T ha t  s t u d y  a l s o  fo u n d  t h a t  
h o s p i t a l  m o r t a l i t y  r o s e  s t e e p l y  w i t h  age f r o m  14$ i n  t h e  69 t o  
74 a g e  g r o u p  t o  3 6 .9 $  i n  t h e  90 t o  94 y e a r  o l d  g r o u p .  A l l e n  a n d
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M e t c a l f  ( 1965) fo u n d  a l o w e r  o v e r a l l  h o s p i t a l  m o r t a l i t y  o f  8 .7 $ 
i n  a s t u d y  o f  343 p a t i e n t s  o f  60 y e a r s  and o v e r ,  r e a c h i n g  13.9$ 
i n  t h e  80 t o  89 y e a r s  g roup .  One t h i r d  o f  d e a t h s  o c c u r r e d  i n  
t h e  f i r s t  3 d a y s  a f t e r  o p e r a t i o n ,  a f u r t h e r  t h i r d  b e t w e e n  t h e  
3 r d  and t h e  12 th  day a f t e r  o p e r a t i o n  and t h e  r e m a i n d e r  o f  t h e  
d e a t h s  o v e r  a f u r t h e r  p e r i o d  o f  45 days .
By c o m p a r i s o n ,  t h e  o f f i c i a l  S c o t t i s h  s t a t i s t i c s  q u o t e  an  
o v e r a l l  m o r t a l i t y  r a t e ,  i n  1978,  o f  10.2$.  I n  t h e  6 5 -7 4  age 
g ro u p  t h e  m o r t a l i t y  r a t e s  w e r e  7$ f o r  m a l e s  and  5.2$ f o r  
f e m a l e s .  I n  t h o s e  of  75 y e a r s  and o v e r ,  20.6$ o f  m a l e s  and 
13. 2$ o f  f e m a l e s  d i e d  ( S c o t t i s h  H o s p i t a l  I n p a t i e n t  S t a t i s t i c s ,  
1978) .
The m a j o r  c a u s e s  o f  d e a t h  a f t e r  f r a c t u r e d  neck  o f  f e m u r  
a r e  p u lm o n a ry  th r o m b o e m b o l i s m ,  p neum on ia ,  c a r d i a c  f a i l u r e ,  
m y o c a r d i a l  i n f a r c t i o n  and c e r e b r o v a s c u l a r  a c c i d e n t  ( A l l e n  and 
M e t c a l f ,  1965;  Honkonen,  T a r k k a n e n  and J u l k u n e n ,  1971).
[ 1 . 5 ]  M o r b i d i t y
The e l d e r l y  p a t i e n t  w i t h  a h i p  f r a c t u r e  s u f f e r s  
c o n s i d e r a b l e  m o r b i d i t y  a s  a r e s u l t  o f  t h e  i n j u r y ,  s u r g e r y  and 
a n a e s t h e s i a  ( i f  p e r f o r m e d )  and  p o s t - o p e r a t i v e  i m m o b i l i s a t i o n .
I n  many c a s e s  m e d i c a l  p r o b l e m s  p r e s e n t  b e f o r e  t h e  i n j u r y  a r e  
e x a s c e r b a t e d .  Honkonen e t  a l  (1971)  q u o t e  t h e  i n c i d e n c e  o f  
pn eu m o n ia  p o s t - o p e r a t i v e l y  a s  25$ ,  p u lm o n a ry  t h r o m b o e m b o l i s m ,
5$ and m y o c a r d i a l  i n f a r c t i o n ,  4 .5$ .  Deep v e n o u s  t h r o m b o s i s  i s  a 
v e r y  common c o m p l i c a t i o n ,  w i t h  an  i n c i d e n c e  o f  up t o  75$
( F i e l d ,  Kakkar  and N i c o l a i d e s ,  1972).
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About 25$ o f  s u b c a p i t a l  f r a c t u r e s  f a i l  t o  u n i t e  and o f  
t h o s e  t h a t  do u n i t e ,  b e t w e e n  15 and 24$ s u f f e r  l a t e  s e g m e n t a l  
c o l l a p s e  of  t h e  f e m o r a l  h e a d  ( B a r n e s  e t  a l ,  1976).  C o n f u s i o n a l  
s t a t e s  and i n c o n t i n e n c e  c o n t r i b u t e  g r e a t l y  t o  t h e  m a j o r  p ro b lem  
o f  n u r s i n g  t h i s  g ro u p  o f  p a t i e n t s .
An e d i t o r i a l  e n t i t l e d  " F r a c t u r e s  n e a r  t h e  h i p "  i n  t h e  
B r i t i s h  M e d ic a l  J o u r n a l  (1976) s t a t e d ,  " t h e  m anagem en t  o f  t h e  
f r a c t u r e ,  th o u g h  c o n t r o v e r s i a l  i s  a r e l a t i v e l y  m i n o r  p r o b le m  i n  
c o m p a r i s o n  w i t h  t h e  m anagem en t  o f  t h e  p a t i e n t  a s  a  w h o le .  The 
p r o g n o s i s  o f  t h i s  f r a c t u r e  i s  bad . . .  C l e a r l y  managem en t  of  
t h e s e  p a t i e n t s  and t h e i r  s u b s e q u e n t  r e h a b i l i t a t i o n  a r e  l i k e l y  
t o  p r e s e n t  g r o w i n g  p r o b l e m s  i f  we a r e  t o  p r e v e n t  ou r  h o s p i t a l s  
b e i n g  f i l l e d  w i t h  a g ed ,  i m m o b i l e  p a t i e n t s . "
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[ 1 . 6 ]  Aims o f  S t u d i e s  C o m p r i s i n g  t h e  T h e s i s
To e n a b l e  t h e  s u r g i c a l  c o r r e c t i o n  o f  t h e  f r a c t u r e  t o  be 
c a r r i e d  o u t ,  some fo rm  of  a n a e s t h e s i a  i s  e s s e n t i a l .  I n  r e c e n t  
y e a r s ,  i n  t h e  U n i t e d  Kingdom, g e n e r a l  a n a e s t h e s i a  h a s  been  t h e  
u s u a l  m e thod .  However ,  t h e r e  h a s  been  a r e l a t i v e l y  r e c e n t  
r e s u r g e n c e  o f  i n t e r e s t  i n  l o c a l  a n a e s t h e t i c  t e c h n i q u e s  w h ic h ,  
a s  w i l l  be s e e n ,  i s  r e f l e c t e d  i n  t h e  a n a e s t h e t i c  l i t e r a t u r e .
For  e x a m p le ,  S c o t t  and  T h o r b u r n  (1975) c o n s i d e r e d  t h a t  s p i n a l  
a n a e s t h e s i a  w as  t h e  b e s t  m e th o d  f o r  l o w e r  l i m b  s u r g e r y  i n  
p a t i e n t s  w i t h  i m p a i r e d  r e s p i r a t o r y  p e r f o r m a n c e .  The p r e s e n t  
t h e s i s  e x a m i n e s  and c o m p a r e s  t h e  e f f e c t s  o f  s u b a r a c h n o i d  s p i n a l  
a n a e s t h e s i a  and c o n v e n t i o n a l  g e n e r a l  a n a e s t h e s i a  i n  p a t i e n t s  
r e c e i v i n g  s u r g i c a l  r e p a i r  o f  h i p  f r a c t u r e s .
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[ 1 . 7 ]  S p i n a l  A n a e s t h e s i a
S p i n a l  a n a e s t h e s i a  c o n s i s t s  o f  t h e  i n j e c t i o n  o f  a s m a l l  
dose  o f  l o c a l  a n a e s t h e t i c  a g e n t  i n t o  t h e  s u b a r a c h n o i d  s p a c e  and 
p r o d u c e s  b l o c k a d e  o f  s e n s o r y ,  a u t o n o m i c  and some m o t o r  f i b r e s  
be low c e r t a i n  d e rm a to m e  l e v e l s .  These l e v e l s  a r e  d e t e r m i n e d  by 
v a r i o u s  f a c t o r s  i n c l u d i n g  v o lu m e  and s p e e d  o f  i n j e c t i o n ,  dose ,  
c o n c e n t r a t i o n ,  and  ty p e  o f  l o c a l  a n a e s t h e t i c  d ru g  c h o s e n ,  t h e  
p o s i t i o n i n g  o f  t h e  p a t i e n t ,  t h e  s p e c i f i c  g r a v i t y  o f  t h e  
s o l u t i o n ,  and t h e  s i z e  and age  o f  t h e  p a t i e n t  ( M a c k i n t o s h  and 
Lee ,  1 973; B r y c e - S m i t h ,  1 976).
The s t u d i e s  t h a t  a r e  d e s c r i b e d  w e re  i n i t i a t e d  t o  c o n f i r m  
o r  deny t h e  commonly h e l d  c l i n i c a l  i m p r e s s i o n  t h a t  s p i n a l  
a n a e s t h e s i a  may be t h e  m e thod  o f  c h o i c e  f o r  p a t i e n t s  r e q u i r i n g  
s u r g i c a l  c o r r e c t i o n  o f  f r a c t u r e d  neck  o f  f e m u r .  To t h i s  end ,  
t h e  s t u d i e s  com pare  t h e  e f f e c t s  o f  s p i n a l  a n a e s t h e s i a . w i t h  
c o n v e n t i o n a l  g e n e r a l  a n a e s t h e s i a  i n  t h e i r  e f f e c t s  on s e v e r a l  
p h y s i o l o g i c a l  p a r a m e t e r s ,  and on s h o r t  and l o n g  t e r m  c l i n i c a l  
ou tcom e .
[ 1 .8 ]  H i s t o r y  o f  S p i n a l  A n a e s t h e s i a
S p i n a l  a n a e s t h e s i a  h a s  an  u n u s u a l l y  c h e q u e r e d  h i s t o r y ,  and 
i t  w o u ld  seem i m p o r t a n t  t o  p l a c e  t h e  t e c h n i q u e  i n  i t s  
h i s t o r i c a l  c o n t e x t .
The f i r s t  r e c o r d e d  a t t e m p t  t o  p l a c e  a l o c a l  a n a e s t h e t i c  
a g e n t  t o  a f f e c t  t h e  s p i n a l  c o r d  was  by C o rn in g  (1885) .  I n  two 
e x p e r i m e n t s  he i n j e c t e d  c o c a i n e  b e t w e e n  tw o v e r t e b r a l  
p r o c e s s e s .  I n  t h e  f i r s t  e x p e r i m e n t ,  20 m i n im s  o f  c o c a i n e  was  
i n j e c t e d  b e t w e e n  t h e  s p i n o u s  p r o c e s s e s  o f  two o f  t h e  l o w e r
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t h o r a c i c  v e r t e b r a e  of  a dog. The h i n d  l e g s  became c o m p l e t e l y  
i n s e n s i t i v e  t o  p a i n f u l  s t i m u l i  and t h e r e  w as  some i n c o ­
o r d i n a t i o n ,  b u t  t h e  f r o n t  l e g s  w e re  u n a f f e c t e d .  The dog 
r e t u r n e d  t o  n o rm a l  i n  a b o u t  4 h o u r s .  The s e c o n d  e x p e r i m e n t  was  
p e r f o r m e d  on a man and  c o c a i n e  was  i n j e c t e d  b e t w e e n  t h e  s p i n o u s  
p r o c e s s e s  o f  t h e  1 1 th  and 1 2 th  t h o r a c i c  v e r t e b r a e .  A f t e r  some 
15 t o  20 m i n u t e s  t h e r e  was  c o m p l e t e  a n a e s t h e s i a  o f  t h e  l o w e r  
l i m b s ,  t h e  l u m b a r  r e g i o n ,  g e n i t a l i a  and u r e t h r a .  T he re  was  
c o m p l e t e  r e c o v e r y  o f  s e n s a t i o n  when t h e  p a t i e n t  r e t u r n e d  f o r  
e x a m i n a t i o n  t h e  f o l l o w i n g  m o rn in g .  I m p r e s s i v e  th o u g h  t h e s e  
a t t e m p t s  a p p e a r ,  t h e y  w ere  b a s e d  on t h e  m i s c o n c e p t i o n  t h a t  
c o c a i n e  i n j e c t e d  b e t w e e n  tw o  s p i n o u s  p r o c e s s e s  w o u ld  e n t e r  i n t o  
t h e  c i r c u l a t i o n  and be " t r a n s p o r t e d  by t h e  b lo o d  t o  t h e  
s u b s t a n c e  of  t h e  c o r d  and g i v e  r i s e  t o  a n a e s t h e s i a  of  t h e  
s e n s o r y  and p e r h a p s  a l s o  t h e  m o t o r  t r a c t s  o f  t h e  same".
I t  was t h u s  n o t  S u r p r i s i n g  t h a t  t h e  e x p e r i m e n t s  c o u l d  n o t  
be r e p r o d u c e d .  W he the r  t h e  r e p o r t e d  s u c c e s s  o f  t h e  two 
e x p e r i m e n t s  was  due t o  i n j e c t i o n  o f  t h e  c o c a i n e  i n t o  t h e  
s u b a r a c h n o i d  o r  t h e  e x t r a - d u r a l  s p a c e  i s  d e b a t a b l e  ( M a c k i n t o s h  
and  Lee ,  1973).  However,  C o rn in g  made a s t a t e m e n t  a t  t h e  end 
o f  t h e  r e p o r t  ( C o r n i n g ,  1885) w h ic h  s u b s e q u e n t l y  gave  him 
i n c o r r e c t  c r e d i t  f o r  t h e  i n t r o d u c t i o n  o f  s u b a r a c h n o i d  
a n a e s t h e s i a :  " W he the r  t h e  m e th o d  w i l l  e v e r  f i n d  an  a p p l i c a t i o n  
a s  a  s u b s t i t u t e  f o r  e t h e r i s a t i o n  i n  g e n i t o - u r i n a r y  o r  o t h e r  
b r a n c h e s  o f  s u r g e r y ,  f u r t h e r  e x p e r i e n c e  a l o n e  can  show."
The d e s c r i p t i o n  o f  t h e  t e c h n i q u e  o f  l u m b a r  p u n c t u r e  by 
Q u in ck e  (1891)  l e d  t h e  way t o  t h e  d e v e l o p m e n t  o f  a r e p e a t a b l e  
and  r e l i a b l e  t e c h n i q u e  o f  s u b a r a c h n o i d  a n a e s t h e s i a  by August  
B i e r  i n  K i e l ,  Germany i n  1898.  I n  1899 he  p u b l i s h e d  h i s
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t e c h n i q u e  o f  " c o c a i n i z a t i o n "  o f  t h e  s p i n a l  c o r d  ( B i e r ,  1899).  
H is  t e c h n i q u e  was  t o  p e r f o r m  l u m b a r  p u n c t u r e  w i t h  t h e  p a t i e n t  
i n  t h e  l a t e r a l  p o s i t i o n  u s i n g  a n e e d l e  w i t h  s t i l e t  and t o  
i n j e c t  c o c a i n e  i n t o  t h e  c e r e b r o - s p i n a l  f l u i d .  T h i s  t e c h n i q u e  
was  u s e d  i n  s i x  p a t i e n t s  h a v i n g  v a r i o u s  f a i r l y  m a j o r  o p e r a t i o n s  
on t h e  l o w e r  l i m b s  and  sac rum .  A n a e s t h e s i a  w as  a d e q u a t e  i n  a l l  
t h e  p a t i e n t s  b u t  s i d e  e f f e c t s  w e re  p r o m i n e n t .  Four  o f  t h e  
p a t i e n t s  s u f f e r e d  h e a d a c h e s ,  some o f  w h ich  w e re  s e v e r e .  O th e r  
p r o b l e m s  w e re  v o m i t i n g  and e x c i t e m e n t .  As B i e r  c o n s i d e r e d  
t h e s e  p r o b l e m s  t o  " e q u a l  t h o s e  o f  g e n e r a l  a n a e s t h e s i a " ,  he  had  
a s p i n a l  a n a e s t h e t i c  p e r f o r m e d  on h i m s e l f  by h i s  c o l l e a g u e ,  Dr. 
H i l d e b r a n d t .  U n f o r t u n a t e l y  t h e  s y r i n g e  d i d  n o t  f i t  t h e  n e e d l e  
t i g h t l y  and c o c a i n e  s o l u t i o n  and c e r e b r o - s p i n a l  f l u i d  w ere  l o s t  
on t h e  f l o o r  and t h e  p r o c e d u r e  was  abandoned .  However,  a 
s u c c e s s f u l  s p i n a l  a n a e s t h e t i c  w as  t h e n  p e r f o r m e d  by B i e r  on h i s  
a s s i s t a n t .  He was  a b l e  t o  d e t e r m i n e  t h a t  t o u c h  and t e m p e r a t u r e  
s e n s a t i o n  w e re  p r e s e r v e d ,  w h i l e  p e r c e p t i o n  o f  p a i n  was  
a b o l i s h e d .  Both  men had  d i n n e r ,  w in e  and c i g a r s  f o l l o w i n g  t h e  
e x p e r i m e n t s  b u t  B i e r  was  t h e n  c o n f i n e d  t o  bed  f o r  9 days  
b e c a u s e  o f  h e a d a c h e  and d i z z i n e s s .  H is  c o l l e a g u e  had  s e v e r e  
h e a d a c h e s  and  v o m i t i n g .  B i e r ’s sym ptom s  w e re  p r o b a b l y  due t o  
l o s s  of  c e r e b r o - s p i n a l  f l u i d ,  a  p rob lem  w h ich  i s  s t i l l  
a s s o c i a t e d  w i t h  l u m b a r  p u n c t u r e  and s p i n a l  a n a e s t h e s i a .
However,  c o n s i d e r i n g  t h e  t o x i c i t y  o f  c o c a i n e ,  t h e  l a c k  o f  
s t e r i l i t y  and t h e  u s e  o f  t a p  w a t e r  t o  d i s s o l v e  t h e  c r y s t a l s ,  
t h e  o c c u r r e n c e  o f  su ch  m o r b i d i t y  i s  n o t  s u r p r i s i n g .
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T u f f i e r  (1901)  im p r o v e d  t h e  t e c h n i q u e  by a t t e n t i o n  t o  
a s e p s i s ,  a l t e r i n g  t h e  l e v e l  o f  p u n c t u r e  and c h a n g i n g  t h e  
p o s i t i o n  of  t h e  p a t i e n t  a f t e r  i n j e c t i o n .  He u s e d  t h e  t e c h n i q u e  
f o r  s u r g e r y  o f  t h e  k i d n e y ,  s t o m a c h  and e v e n  o f  t h e  b r e a s t .  40$ 
of  t h e  p a t i e n t s  had  h e a d a c h e  b u t  f o l l o w - u p  o f  60 p a t i e n t s  f o r  6 
t o  13 m on ths  r e v e a l e d  no o t h e r  c o m p l i c a t i o n s  a t t r i b u t a b l e  t o  
t h e  a n a e s t h e t i c .
I n  1904, s t o v a i n e ,  a new l o c a l  a n a e s t h e t i c  a g e n t  was 
i n t r o d u c e d  ( F o u r n e a u ,  1904).  F o u r n e a u  f o u n d  i t  t o  be l e s s  t o x i c  
t h a n  c o c a i n e  and i t  a l s o  had  t h e  a d v a n t a g e  o f  b e i n g  a b l e  t o  be 
s t e r i l i s e d .
I n  B r i t a i n ,  A.E. B a r k e r ,  P r o f e s s o r  o f  S u r g e r y  a t  
U n i v e r s i t y  C o l l e g e  H o s p i t a l ,  London,  p u b l i s h e d  h i s  e x p e r i e n c e s  
o f  300 s p i n a l  a n a e s t h e t i c s  u s i n g  s t o v a i n e  ( B a r k e r ,  1907,  1908a,  
1908b).  I n  t h e s e  e x c e l l e n t ,  d e t a i l e d  p a p e r s  he  d e s c r i b e d  how he  
had  d e m o n s t r a t e d ,  w i t h  a " g l a s s  s p i n e " ,  t h e  s p r e a d  o f  l o c a l  
a n a e s t h e t i c  a g e n t ,  and he  s t r e s s e d  t h e  i m p o r t a n c e  o f  t h e  
s o l u t i o n  b e i n g  i s o t o n i c  w i t h  b l o o d  and t h u s  h y p e r t o n i c  and 
"heavy"  w i t h  r e s p e c t  t o  c e r e b r o - s p i n a l  f l u i d .  T h i s  p r o p e r t y  
e n a b l e d  p o s i t i o n i n g  and  g r a v i t y  t o  c a u s e  t h e  d ru g  t o  f l o w  t o  
a c t  on t h e  r e q u i r e d  n e r v e  r o o t s .  No s e r i o u s  c o m p l i c a t i o n s  
a t t r i b u t a b l e  t o  t h e  t e c h n i q u e  w e r e  f o u n d  and  he  c o n c l u d e d  t h a t  
i n  c o m p a r i s o n  w i t h  g e n e r a l  a n a e s t h e s i a ,  c o n d i t i o n s  w e re  n o t  
w o r s e  and m i g h t  be b e t t e r  f o r  t h e  s u r g e o n  ( B a r k e r ,  1908b) .
As e a r l y  a s  1907» Dean d i s c u s s e d  t h e  r e l a t i v e  v a l u e  o f  
" i n h a l a t i o n  and  i n j e c t i o n  m e th o d s "  o f  a n a e s t h e s i a  (Dean,  1907).  
He c o n s i d e r e d  s u b a r a c h n o i d  b l o c k  t o  be b e t t e r  f o r  l o w e r  
a b d o m in a l  and l o w e r  l i m b  o r t h o p a e d i c  p r o c e d u r e s  i n  s e v e r e l y  i l l  
p a t i e n t s .  , R y a l l  (1911)  c o n s i d e r e d  t h a t  " t h e  p r o b a t i o n  p e r i o d
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of  s p i n a l  a n a e s t h e s i a  i s  now o v e r . . . F o r  o l d  and  weak  p e o p l e  i t  
h a s  an u n d o u b te d  a d v a n t a g e  o v e r  g e n e r a l  a n a e s t h e s i a ,  f o r ,  a s  a 
r u l e  t h e y  b e a r  i t  s u r p r i s i n g l y  w e l l  and se ldom  s u f f e r  f rom  
a f t e r - e f f e c t s , "
By 1911» l a r g e  num bers  o f  s p i n a l  a n a e s t h e t i c s  w e re  b e i n g  
a d m i n i s t e r e d  i n  Germany.  The German S u r g i c a l  S o c i e t y  r e p o r t e d  
9 d e a t h s  i n  71 ,000  p a t i e n t s  h a v i n g  p r o c e d u r e s  u n d e r  s p i n a l  
a n a e s t h e s i a ,  i n  c o m p a r i s o n  w i t h  21 d e a t h s  i n  7 1 ,0 0 0  p a t i e n t s  
h a v i n g  g e n e r a l  a n a e s t h e s i a  ( B r o w n le e ,  1911).  However ,  B r o w n le e  
c o n s i d e r e d  t h a t  t h e  r e s u l t s  of  g e n e r a l  a n a e s t h e s i a  c o u l d  be 
i n c o m p a r a b l y  b e t t e r  i f  a d m i n i s t e r e d  by t h o s e  of  e q u a l  c a l i b r e  
t o  B i e r ,  T u f f i e r  and  B a r k e r .
I t  was  many y e a r s  b e f o r e  any f u r t h e r  s i g n i f i c a n t  
d e v e l o p m e n t s  o c c u r r e d ,  d e s p i t e  v a r i o u s  f a s h i o n s  i n c l u d i n g  t h e  
u s e  o f  a d d i t i v e s  t o  t h e  l o c a l  a n a e s t h e t i c  s o l u t i o n  such  as  
a d r e n a l i n e ,  s t r y c h n i n e ,  and c a f f e i n e  ( L a b a t ,  1921).  L a b a t  
d e s c r i b e d  h i g h  b l o c k s  w i t h  " b a r b o t a g e " ,  and t h e  T r e n d e l e n b u r g  
p o s i t i o n  f o r  i t s  b e n e f i c i a l  e f f e c t s  on t h e  c a r d i o v a s c u l a r  
s y s t e m .
I n  1930,  a new l o n g - a c t i n g  l o c a l  a n a e s t h e t i c ,  n u p e r c a i n e ,  
was  i n t r o d u c e d  and u s e d  f o r  s p i n a l  a n a e s t h e s i a  by Keyes and 
M c L e l l a n  (1930) .  They d e s c r i b e d  a 0.5$ c o n c e n t r a t i o n  o f  t h e  
d r u g  i n  6$ g l u c o s e ,  a p r e p a r a t i o n  o f  h i g h e r  s p e c i f i c  g r a v i t y  
t h a n  C.S.F. and t h i s  p r e p a r a t i o n  h a s  been  known s i n c e  a s  
"heavy"  n u p e r c a i n e .  T h i s  d ru g  was  u s e d  i n  t h e  p r e s e n t  s t u d i e s .
S p i n a l  a n a e s t h e s i a  became e x t r e m e l y  p o p u l a r  i n  t h e  1930’s 
and  1940’s ,  f r e q u e n t l y  b e i n g  a d m i n i s t e r e d  by t h e  s u r g e o n  b e f o r e  
p e r f o r m i n g  t h e  o p e r a t i o n .  However ,  by t h e  l a t e  1940’s
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c o n t r o v e r s y  a b o u t  t h e  s a f e t y  o f  s p i n a l  a n a e s t h e s i a  began  t o  
s u r f a c e ,  b u t  t h i s  was  n o t  f o r  t h e  f i r s t  t i m e .
As e a r l y  a s  t h e  b e g i n n i n g  o f  t h e  c e n t u r y ,  w o r r i e s  had  been  
e x p r e s s e d  a b o u t  t h e  a e t i o l o g y  o f  o c c a s i o n a l l y  o c c u r r i n g  
n e u r o l o g i c a l  s e q u e l a e  ( B r o w n l e e ,  1911).  The d e b a t e  began  i n  
e a r n e s t  when Kennedy,  E f f r o n  and  P e r r y  (1950)  p u b l i s h e d  a p a p e r  
e n t i t l e d  "The g r a v e  s p i n a l  c o r d  p a r a l y s e s  c a u s e d  by s p i n a l  
a n a l g e s i a . "  They r e p o r t e d  s e v e n  p r e v i o u s  c a s e s  and  added  t w e l v e  
new on es .  U n f o r t u n a t e l y  t h e  a n a e s t h e t i c  p r o c e d u r e s  w ere  n o t  
f u l l y  d e t a i l e d  b u t  t h e  c o n c l u s i o n s  w e re  f o r t h r i g h t :  " P a r a l y s i s  
be low t h e  w a i s t  i s  t o o  g r e a t  a p r i c e  t o  pay f o r  t h e  s u r g e o n  t o  
h av e  a r e l a x e d  f i e l d  o f  o p e r a t i o n . "
However ,  i t  w as  t h e  now f a m o u s ,  and w i d e l y  r e p o r t e d ,  
"Wooley and Roe" c o u r t  c a s e  w h ic h  c a u s e d  t h e  g r e a t e s t  s c a r e  
and ,  p e r h a p s  i l l o g i c a l l y ,  d e s t r o y e d  t h e  c o n f i d e n c e  o f  many 
a n a e s t h e t i s t s  i n  t h e  s a f e t y  o f  s p i n a l  a n a e s t h e s i a .  I n  1947,  two 
p a t i e n t s  named Wooley and Roe who w ere  on t h e  same o p e r a t i n g  
l i s t ,  became p e r m a n e n t l y  p a r a l y s e d  below t h e  w a i s t  a f t e r  
r e c e i v i n g  s p i n a l  a n a e s t h e s i a  f o r  r e l a t i v e l y  m i n o r  p r o c e d u r e s .  
The ju d g e m e n t  i n  t h e  "W oo l ley  and Roe" c a s e  w h ic h  f o l l o w e d  
(Cope,  1954) was  t h a t  p h e n o l  i n  t h e  s o l u t i o n  u s e d  t o  s t e r i l i s e  
t h e  o u t s i d e  o f  t h e  a m p o u l e s  o f  l o c a l  a n a e s t h e t i c ,  had  l e a k e d  
i n t o  t h e  l o c a l  a n a e s t h e t i c  t h r o u g h  i n v i s i b l e  c r a c k s  i n  t h e  
am p o u le s .
In  t h e  same y e a r  (1954)  a s  t h e  "Wooley and Roe" c a s e  was  
p u b l i s h e d  i n  t h e  a n a e s t h e t i c  l i t e r a t u r e ,  D r i p p s  and  Vandam 
(1954) p u b l i s h e d  r e s u l t s  o f  l o n g  t e r m  f o l l o w - u p  o f  10,098 
p a t i e n t s  who had r e c e i v e d  s p i n a l  a n a e s t h e s i a .  They f a i l e d  t o  
d i s c o v e r  any m a j o r  n e u r o l o g i c a l  s e q u e l a e .  However,  t h i s
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r e a s s u r i n g  s t u d y  d i d  n o t  d i s p e l  t h e  r i s i n g  t i d e  o f  d i s q u i e t  i n  
many a n a e s t h e t i s t s ’ m inds  and  s p i n a l  a n a e s t h e s i a  s u b s e q u e n t l y  
showed a m arked  d e c l i n e  i n  f a v o u r ,  r e f l e c t e d  i n  t h e  f a l l  i n  
s a l e s  o f  s u i t a b l e  d r u g s  (Lake ,  1958).
I t  was a d e c a d e  b e f o r e  t h e  f i r s t  s i g n s  o f  a  r e - a w a k e n i n g  
o f  i n t e r e s t  i n  s p i n a l  a n a e s t h e s i a  became e v i d e n t  when Lee 
( 1967) s t a t e d  t h a t  " S p i n a l  a n a l g e s i a  h a s  a d e f i n i t e  p l a c e  i n  
m ode rn  p r a c t i c e  and  s h o u l d  be em p lo y ed  r a t h e r  more f r e q u e n t l y  
t h a n  i t  i s  i n  1 967." He c o n s i d e r e d  t h a t  t h e r e  w as  no c o n s e n s u s  
o f  o p i n i o n  a s  t o  t h e  r e a l  c a u s e  o f  t h e  n e u r o l o g i c a l  l e s i o n s .
A c o n s i d e r a b l e  b o o s t  t o  c o n f i d e n c e  i n  t h e  s a f e t y  of  s p i n a l  
a n a e s t h e s i a  was  g i v e n  when N oble  and Murray  (1971) p u b l i s h e d  a 
r e v i e w  o f  78 ,746  s p i n a l  a n a e s t h e t i c s  g i v e n  i n  a C a n a d ia n  
t e a c h i n g  h o s p i t a l  o v e r  a  t e n  y e a r  p e r i o d  and f o u n d  no s e r i o u s  
p e r m a n e n t  c o m p l i c a t i o n s .  The a u t h o r s  d i d  c o n s i d e r  t h a t  w he re  
n e u r o l o g i c a l  c o m p l i c a t i o n  had  f o l l o w e d  s p i n a l  a n a e s t h e s i a ,  t h e y  
w e r e  m o s t  l i k e l y  t o  have  been  due to  c h r o n i c  a d h e s i v e  
a r a c h n o i d i t i s  (N oble  and  M urray ,  1971).  The c l i n i c a l  c o u r s e  may 
be d e l a y e d  f o r  w eeks  o r  m o n t h s  and  i s  due t o  a p r o l i f e r a t i v e  
a r a c h n o i d a l  r e a c t i o n  w h ic h  may e v e n t u a l l y  p r o d u c e  an  
i n t e r f e r e n c e  w i t h  t h e  b l o o d  s u p p l y  t o  t h e  a r a c h n o i d  m a t e r  and  
t o  t h e  s p i n a l  c o r d  and  n e r v e  r o o t s  (G reene ,  1961).  The 
r e a c t i o n  may be due t o  a t o x i n  o r  i r r i t a n t  w h ic h  c o u l d  be t h e  
l o c a l  a n a e s t h e t i c  d ru g  i t s e l f  o r  a c o n t a m i n a n t .  An 
i d i o s y n c r a t i c  o r  a l l e r g i c  r e a c t i o n  i n  c e r t a i n  p a t i e n t s  c o u l d  
a l s o  be a p o s s i b l e  a e t i o l o g y  (N ob le  and  M urray ,  1971) .  The 
e x i s t i n g  e v i d e n c e  w o u ld  seem t o  i n d i c a t e  t h a t  t h e  c o m p l i c a t i o n  
o f  c h r o n i c  a d h e s i v e  a r a c h n o i d i t i s  i s  an  e x c e e d i n g l y  r a r e  e v e n t
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w i t h  modern  d r u g s  and  t e c h n i q u e s .
M a r i n a c c i  and C o u r v i l l e  (1958)  ex a m in e d  482 p a t i e n t s  w i t h  
n e u r o l o g i c a l  c o m p l i c a t i o n s  a l l e g e d  t o  be due t o  s p i n a l  
a n a e s t h e s i a  and f o u n d  t h a t  i n  a l l  b u t  4 t h e r e  w e r e  n e u r o l o g i c a l  
c o m p l a i n t s  due t o  o t h e r ,  e n t i r e l y  u n r e l a t e d  c o n d i t i o n s ,  
commonly i n f e c t i o u s  n e u r o n i t i s  o r  p e r i p h e r a l  n e u r o p a t h y .
P e r h a p s  a s  a r e s u l t  o f  t h e  l a r g e  and r e a s s u r i n g  c l i n i c a l  
s t u d i e s ,  s p i n a l  a n a e s t h e s i a  i s  now e n j o y i n g  a r e n a i s s a n c e  of  
i n t e r e s t .  S u r v e y s  o f  t h e  u s e  of  s p i n a l  a n a e s t h e s i a  i n  S c o t l a n d  
w e re  c a r r i e d  o u t  i n  1976 and  1981 ( R o b e r t s o n ,  L e w e r e n t z  and 
H olm es ,  1978;  R o b e r t s o n ,  1983).  These s t u d i e s  i n d i c a t e d  t h a t  
w h i l e  40$ o f  c o n s u l t a n t s  who r e p l i e d  t o  q u e s t i o n n a i r e s  u s e d  
s p i n a l  a n a e s t h e s i a  f o r  some p u r p o s e s  i n  1976, 75$ d i d  so  i n  
1981.  T h e re  was  a  c o r r e s p o n d i n g  i n c r e a s e  i n  f r e q u e n c y  o f  u s e  
and d e c l i n e  i n  a n x i e t y  o v e r  m e d i c o - l e g a l  c o n s e q u e n c e s .
A r e a s s e s s m e n t  o f  s p i n a l  a n a e s t h e s i a  i n  c o m p a r i s o n  w i t h  
m odern  g e n e r a l  a n a e s t h e s i a  w o u ld  seem t i m e l y .
[1.93  C o m p a r i s o n  o f  S p i n a l  and G e n e r a l  A n a e s t h e s i a
As a l r e a d y  m e n t i o n e d ,  i n t e r e s t  i n  t h i s  c o m p a r i s o n  a s  
r e g a r d s  c ru d e  m o r t a l i t y  d a t e s  back  t o  1911 when B r o w n l e e  (1911) 
r e p o r t e d  r e s u l t s  p r e s e n t e d  t o  t h e  German S u r g i c a l  S o c i e t y  (9 
p a t i e n t s  d i e d  o u t  o f  7 1 ,0 0 0  who had  s p i n a l  a n a e s t h e s i a ,  
com p ared  w i t h  21 d e a t h s  o u t  o f  71 ,000  who r e c e i v e d  g e n e r a l  
a n a e s t h e s i a ) .
The c o m p a r a t i v e  i n c i d e n c e  of  p o s t - o p e r a t i v e  c h e s t  
c o m p l i c a t i o n s  h a s  been  a s u b j e c t  o f  i n t e r e s t  b u t  s t u d i e s  have  
been  i n c o n c l u s i v e .  D r i p p s  and  Deming (1946)  showed an  11$ 
i n c i d e n c e  o f  a t e l e c t a s i s  and p n eu m o n ia  f o l l o w i n g  u p p e r
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a b d o m i n a l  s u r g e r y  u n d e r  g e n e r a l  a n a e s t h e s i a  b u t  o n l y  4.2$ a f t e r  
s u r g e r y  p e r f o r m e d  u n d e r  s p i n a l  b lo c k .  However ,  when t h e  
p a t i e n t s  r e c e i v i n g  g e n e r a l  a n a e s t h e s i a  w e re  s u b j e c t e d  t o  
v i g o r o u s  and  e x t e n s i v e  c h e s t  p h y s i o t h e r a p y ,  t h e  r a t e  of  c h e s t  
c o m p l i c a t i o n s  f e l l  t o  t h a t  o f  t h e  s p i n a l  g roup ,  U rbach ,  Lee,  
S h e e l y  e t  a l ,  (1964)  i n  a c o n t r o l l e d  s e r i e s ,  co m p ared  s p i n a l  
and g e n e r a l  a n a e s t h e s i a  f o r  i n g u i n a l  h e r n i a  r e p a i r  b u t  f o u n d  no 
s i g n i f i c a n t  d i f f e r e n c e s  i n  c o m p l i c a t i o n s  b e t w e e n  t h e  g ro u p s .
Honkonen e t  a l  (1971)  com pared  p o s t - o p e r a t i v e  
c o m p l i c a t i o n s  i n  p a t i e n t s  w i t h  f r a c t u r e d  neck  o f  f e m u r  and 
fo u n d  t h e  p o s t - o p e r a t i v e  i n c i d e n c e  o f  pneum on ia ,  p u lm o n a ry  
th ro m b o e m b o l i s m  and m y o c a r d i a l  i n f a r c t i o n  t o  be s i m i l a r .  The 
m o r t a l i t y  r a t e s  w e r e  3$ a f t e r  g e n e r a l  a n a e s t h e s i a  and 10$ a f t e r  
s p i n a l  a n a e s t h e s i a .  However,  t h e  v a l i d i t y  o f  t h e  r e s u l t s  i s  
q u e s t i o n a b l e  a s  p a t i e n t s  w e re  n o t  r a n d o m ly  a l l o c a t e d  t o  each  
g r o u p  o r  m a tc h e d ,  and  i n d e e d  t h e  p a t i e n t s  s e l e c t e d  f o r  g e n e r a l  
a n a e s t h e s i a  w e re  l e s s  i l l .
McLaren,  S t o o k w e l l  and R e id  (1978) co m p ared  s p i n a l  and 
g e n e r a l  a n a e s t h e s i a  f o r  r e p a i r  o f  f r a c t u r e d  neck  o f  f e m u r  i n  a 
s t u d y  o f  53 p a t i e n t s  and  f o u n d  a m o r t a l i t y  r a t e  o f  31$ by 4 
w eek s  a f t e r  s u r g e r y  i n  t h o s e  who had  g e n e r a l  a n a e s t h e s i a  b u t  
t h e  s p i n a l  g roup  had  a s i g n i f i c a n t l y  l o w e r  m o r t a l i t y  r a t e  a t  
t h e  end o f  4 w eek s  o f  3*8$. T h i s  s t u d y  a r o u s e d  much i n t e r e s t  
and  h a s  b e e n  w i d e l y  q u o t e d .  However,  a l t h o u g h  r a n d o m l y  
a l l o c a t e d ,  p a t i e n t  n u m b e rs  w e r e  r e l a t i v e l y  s m a l l .  I n  c o m p a r i s o n  
w i t h  t h e  s t u d i e s  f o r m i n g  t h e  p r e s e n t  t h e s i s ,  w h e re  p a t i e n t s  
w e re  u n s e l e c t e d ,  i n  t h e  s t u d y  by McLaren  e t  a l ,  a d e g r e e  o f  
s e l e c t i v i t y  was  a p p l i e d ,  and p a t i e n t s  had t o  f u l f i l  c e r t a i n  
c r i t e r i a  b e f o r e  a d m i s s i o n  t o  t h e  s t u d y .  The g e n e r a l  a n a e s t h e t i c
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g r o u p  r e c e i v e d  m u s c l e  r e l a x a n t s  and i n t e r m i t t e n t  p o s i t i v e  
p r e s s u r e  v e n t i l a t i o n  (IPPV),  The s p i n a l  g ro u p  p a t i e n t s  r e c e i v e d  
a low dose  u n i l a t e r a l  b l o c k  and w e re  s e d a t e d  w i t h  n i t r o u s  o x id e  
and an  a l t h e s i n  i n f u s i o n .  S p r e a d b u r y  (1980) fo u n d  e a r l y  
m o r t a l i t y  a f t e r  c o r r e c t i o n  o f  f r a c t u r e d  neck  o f  f e m u r  t o  be 
much h i g h e r  (30$) a f t e r  a n a e s t h e s i a  i n c l u d i n g  IPPV and m u s c l e  
r e l a x a t i o n ,  t h a n  a f t e r  k e t a m i n e  a l o n e  (3 .3$) ,  However ,  l o n g  
t e rm  m o r t a l i t y  r a t e s  w e r e  s i m i l a r  i n  eac h  g roup .
[1 .1 0 ]  L o g i s t i c s  o f  S t u d i e s
The s t u d i e s  c o m p r i s i n g  t h e  p r e s e n t  t h e s i s  w e r e  a l l  
c o n d u c t e d  on p a t i e n t s  a d m i t t e d  t o  t h e  W e s t e r n  I n f i r m a r y ,  
G la sgow ,  one of  t h e  m a j o r  t e a c h i n g  h o s p i t a l s  i n  t h e  Glasgow 
a r e a .  The D e p a r tm e n t  o f  O r t h o p a e d i c  S u r g e r y  h a s  40 beds  f o r  
a c u t e  a d m i s s i o n s  i n  t h e  W e s t e r n  I n f i r m a r y ,  and beds  f o r  
e l e c t i v e  s u r g e r y  and  c o n v a l e s c e n c e  i n  t h e  a s s o c i a t e d  G a r t n a v e l  
G e n e r a l  H o s p i t a l .
The number o f  p a t i e n t s  a d m i t t e d  t o  t h e  W e s t e r n  I n f i r m a r y  
w i t h  f r a c t u r e  o f  t h e  f e m o r a l  neck  i s  a p p r o x i m a t e l y  400 p e r  
y e a r .  They occupy 37$ ,  on a v e r a g e ,  o f  t h e  a c u t e  o r t h o p a e d i c  
bed s  and t h e  l e n g t h  o f  s t a y  i n  t h e  W e s t e r n  I n f i r m a r y  ( a c u t e  
b e d s )  f o r  m o s t  p a t i e n t s  i s  o f  t h e  o r d e r  o f  5 t o  15 days .  
P a t i e n t s  a r e  t h e n  t r a n s f e r r e d  t o  c o n v a l e s c e n t  b e d s  i n  G a r t n a v e l  
G e n e r a l  H o s p i t a l  o r  r e t u r n e d  d i r e c t  t o  t h e  r e f e r r i n g  h o s p i t a l .  
A l l  p a t i e n t s  i n  t h e  s t u d i e s  t o  be p r e s e n t e d  h a d  s u r g i c a l  
t r e a t m e n t  o f  f r a c t u r e d  n e c k  o f  f e m u r  c a r r i e d  o u t  i n  t h e  W e s t e r n  
I n f i r m a r y  t h e a t r e  s u i t e  on  L e v e l  5 o f  t h e  " P h ase  I "  b u i l d i n g .  
T h i s  i s  a m ode rn  s u i t e  c o m p r i s i n g  4 t h e a t r e s ,  one o f  w h ich  i s  
d e v o t e d  e n t i r e l y  t o  e m e rg e n c y  o r t h o p a e d i c  s u r g e r y .  There  i s  an
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a d j a c e n t  r e c o v e r y  a r e a  o f  6 b e d s ,  a t r a n s f e r  and r e c e p t i o n  
a r e a ,  and an  i m m e d i a t e l y  a d j a c e n t  10 bedded  I n t e n s i v e  Therapy  
U n i t ,  The b lo o d  g a s  and oxygen  a n a l y s i s  f a c i l i t i e s  i n  t h e  
I n t e n s i v e  Therapy  U n i t  w e re  u s e d  f o r  t h e  m a j o r i t y  o f  t h e  
s t u d i e s  w i t h  b a c k - u p  f a c i l i t i e s  f r o m  t h e  a n a e s t h e t i c  
l a b o r a t o r i e s  i f  t h e  e q u i p m e n t  w as  o u t  of  o r d e r ,  w h ich  o c c u r r e d  
on a few o c c a s i o n s ,
[ 1 .1 1 ]  P a t i e n t s  s t u d i e d
P a t i e n t s  i n c l u d e d  i n  t h e  s t u d y  w ere  t h o s e  p r e s e n t e d  f o r  
s u r g i c a l  c o r r e c t i o n  o f  f r a c t u r e d  neck  o f  f e m u r  on t h e  Monday 
o p e r a t i n g  s e s s i o n ,  e x c l u d i n g  t h o s e  r e q u i r i n g  p r i m a r y  h i p  
p r o s t h e s i s .
I t  was  t h e  p o l i c y  i n  t h e  W e s t e r n  I n f i r m a r y  t o  o p e r a t e  on 
a l l  p a t i e n t s  w i t h  f r a c t u r e d  neck  o f  f e m u r  on t h e  f i r s t  day 
a f t e r  a d m i s s i o n  ( e x c l u d i n g  S undays )  u n l e s s  t h e y  wou ld  n o t  
o b v i o u s l y  b e n e f i t  f r o m  t h e  p r o c e d u r e .  A l l  p a t i e n t s  r e c e i v e d  an  
i n t r a v e n o u s  i n f u s i o n  o f  c r y s t a l l o i d  f l u i d  f o r  a t  l e a s t  12 h o u r s  
b e f o r e  o p e r a t i o n  i n  o r d e r  t o  p r e v e n t  t h e  d e h y d r a t i o n  and 
h y p o v o l a e m i a  w h ic h  commonly o c c u r  i n  t h i s  g ro u p  o f  e l d e r l y  
p a t i e n t s  who g e n e r a l l y  h a v e  an  i n a d e q u a t e  o r a l  f l u i d  i n t a k e .  
B lo o d  l o s s  and  oedema a t  t h e  f r a c t u r e  s i t e  a r e  o t h e r  i m p o r t a n t  
c o n t r i b u t a r y  f a c t o r s  p r o d u c i n g  h y p o v o l a e m i a  w h ic h  may l e a d  t o  
d a n g e r o u s  f a l l s  i n  a r t e r i a l  p r e s s u r e  u n d e r  a n a e s t h e s i a ,  
e s p e c i a l l y  u n d e r  s p i n a l  b l o c k  ( A t k i n s o n ,  Rushman and Lee,
1977).  Only tw o  p a t i e n t s  w e r e  c o n s i d e r e d  u n s u i t a b l e  f o r  
i n c l u s i o n  i n  t h e  p r e s e n t  s t u d i e s .  One had  a h a e m o g l o b i n  
c o n c e n t r a t i o n  o f  5.2 g d l i t r e ”  ^ and t h e  o t h e r  had  a serum 
p o t a s s i u m  c o n c e n t r a t i o n  o f  2,1 mmol l i t r e " \  A f u r t h e r  two
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p a t i e n t s ,  had  to  be e x c l u d e d  l a t e r  f o r  t e c h n i c a l  r e a s o n s  ( s e e  
be low ) .  P a t i e n t s  r e c e i v e d  no p r e m e d i c a n t  d r u g s ,  b u t  some had 
a n a l g e s i a  a d m i n i s t e r e d  d u r i n g  t h e  n i g h t  p r i o r  t o  s u r g e r y .  Many 
o f  t h e  p a t i e n t s  s u f f e r e d  f rom  a v a r i e t y  o f  m e d i c a l  p r o b l e m s  
common t o  t h e i r  age g ro u p  w h ic h  w i l l  be d e t a i l e d  i n  l a t e r  
c h a p t e r s .
[ 1 .1 2 ]  P r e - o p e r a t i v e  A s s e s s m e n t
D e t a i l s  o f  p a s t  m e d i c a l  h i s t o r y ,  d ru g  and f l u i d  t h e r a p y ,  
and m a in  p h y s i c a l  f i n d i n g s  w e re  r e c o r d e d .  As t h e  s c o p e  o f  t h e  
s t u d i e s  was  e x t e n d e d  and a s  f o l l o w - u p  was  l e n g t h e n e d ,  i t  became 
a p p a r e n t  t h a t  some fo rm  o f  c o m p a r a t i v e  a s s e s s m e n t  o f  p r e ­
o p e r a t i v e  c o n d i t i o n  w as  d e s i r a b l e .  A s c o r i n g  s y s t e m  seem ed  
a p p r o p r i a t e  and w ou ld  be,  o f  n e c e s s i t y ,  r e t r o s p e c t i v e .  The 
a u t h o r  r e c o g n i s e s  t h e  l i m i t a t i o n s  and p o s s i b l e  i n a c c u r a c i e s  o f  
s u c h  a s y s t e m  b u t  f e e l s  t h a t  i t  i s  j u s t i f i a b l e  and  may be 
h e l p f u l .
The f i t n e s s  c l a s s i f i c a t i o n  o f  t h e  A m er ic an  S o c i e t y  o f  
A n e s t h e s i o l o g i s t s  (1953) was  c o n s i d e r e d .  T h i s  a l l o c a t e s  one o f  
f i v e  s c o r e s  on t h e  f o l l o w i n g  b a s i s ;
"1" A n o r m a l  h e a l t h y  p a t i e n t
"2" A p a t i e n t  w i t h  m i l d  s y s t e m i c  d i s e a s e
"3" A p a t i e n t  w i t h  a s e v e r e  s y s t e m i c  d i s e a s e  t h a t  l i m i t s
a c t i v i t y ,  b u t  i s  n o t  i n c a p a c i t a t i n g
"4" A p a t i e n t  w i t h  an i n c a p a c i t a t i n g  s y s t e m i c  d i s e a s e  t h a t  i s  a 
c o n s t a n t  t h r e a t  t o  l i f e
"5" A m o r ib u n d  p a t i e n t  n o t  e x p e c t e d  t o  s u r v i v e  24 h o u r s  w i t h  o r  
w i t h o u t  an  o p e r a t i o n
______
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The above  c l a s s i f i c a t i o n ,  w h i l e  f a m i l i a r  t o  m os t  
a n a e s t h e t i s t s ,  i s  n o t  c o m p l e t e l y  s a t i s f a c t o r y  f o r  t h e  p u r p o s e s  
o f  t h e  p r e s e n t  s t u d i e s ,  m a i n l y  b e c a u s e  v e r y  few p a t i e n t s  w ou ld  
have  f a l l e n  i n t o  c a t e g o r i e s  "1" o r  "5". The a u t h o r  t h u s  d e c i d e d  
t o  d e f i n e  a s i m p l e  s y s t e m  o f  f i t n e s s  c l a s s i f i c a t i o n  w h ich  c o u l d  
be u s e d  n o t  o n ly  t o  com pare  o v e r a l l  f i t n e s s ,  b u t  t o  i n d i c a t e  
r o u g h l y  t h e  p r e s e n c e  and d e g r e e  o f  d y s f u n c t i o n  o f  c a r d i o ­
v a s c u l a r ,  r e s p i r a t o r y  and c e n t r a l  n e r v o u s  s y s t e m s .  The s c o r i n g  
s y s t e m  d e v i s e d  was on a s c a l e  o f  1 t o  3 d e f i n e d  a s :
"1" Normal o r  m i n o r  d i s e a s e  o r  d y s f u n c t i o n
"2" S i g n i f i c a n t  d i s e a s e  o r  d y s f u n c t i o n  o f  m o d e r a t e  s e v e r i t y  
"3" S e v e r e  o r  m u l t i p l e  d i s o r d e r s  or  d i s e a s e  p r o c e s s e s
B e f o r e  b e i n g  s e e n  by t h e  a n a e s t h e t i s t ,  p a t i e n t s  w e re  
r a n d o m ly  a l l o c a t e d  t o  r e c e i v e  s p i n a l  o r  g e n e r a l  a n a e s t h e s i a .  
A f t e r  i n d u c t i o n  o f  a n a e s t h e s i a  th e y  w ere  t r a n s f e r r e d  t o  t h e  
o p e r a t i n g  t a b l e  i n  t h e a t r e .
[ 1. 1 3 ] S u r g i c a l  T e c h n i q u e s
S u r g e r y  c o n s i s t e d  o f  r e d u c t i o n  and i n t e r n a l  f i x a t i o n  o f  
t h e  f r a c t u r e  by n a i l  o r  n a i l  and p l a t e  t e c h n i q u e s .  X - r a y  im age  
i n t e n s i f i e r  e q u i p m e n t  was  u s e d  t o  a s s i s t  i n  p e r f o r m a n c e  o f  t h e  
s u r g i c a l  p r o c e d u r e .  The o r t h o p a e d i c  s u r g e o n s  w e re  u s u a l l y  o f  
s e n i o r  r e g i s t r a r  s t a t u s ,  w i t h  t h e  same s u r g e o n  on each  Monday 
o v e r  a  3 month p e r i o d .  A f t e r  t h e  o p e r a t i o n  was  c o m p l e t e d  t h e  
p a t i e n t s  w e re  t r a n s f e r r e d  t o  t h e  a d j a c e n t  r e c o v e r y  a r e a  w h e re  
t h e y  r e m a i n e d  f o r  1 t o  5 h o u r s  b e f o r e  t r a n s f e r  back  t o  t h e  
o r i g i n a l  ward.
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[ 1 . 1 4 ]  A n a e s t h e t i c  T e c h n i q u e s
Both  t e c h n i q u e s  c h o s e n  had  been  i n  r o u t i n e  u s e  i n  t h e  
W e s t e r n  I n f i r m a r y  f o r  t h i s  c a t e g o r y  o f  p a t i e n t  and  w ere  
c o n s i d e r e d  t o  be a s  s i m p l e ,  s a f e  and r e l i a b l e  a s  p o s s i b l e .
a) G e n e r a l  A n a e s t h e s i a .
G e n e r a l  a n a e s t h e s i a  w as  i n d u c e d  w i t h  a l t h e s i n  (G laxo)  1.0-  
3.0 ml i . v .  F o l l o w i n g  t h e  a d m i n i s t r a t i o n  of  s u x a m e th o n iu m  50 
mg t h e  t r a c h e a  was  i n t u b a t e d  w i t h  a c u f f e d  tu b e .  A n a e s t h e s i a  
was  m a i n t a i n e d  w i t h  66$ n i t r o u s  o x i d e  and 0 .75 -1 .25$  h a l o t h a n e  
i n  oxygen.  The p a t i e n t s  b r e a t h e d  s p o n t a n e o u s l y  v i a  a s e m i ­
c l o s e d  b r e a t h i n g  s y s t e m  w i t h  c a r b o n  d i o x i d e  a b s o r p t i o n ,  w i t h  a 
f r e s h  g a s  f l o w  of 3 l i t r e  minT^.  At t h e  end o f  a n a e s t h e s i a  
e n d o - t r a c h e a l  t o i l e t  was  p e r f o r m e d  b e f o r e  d e f l a t i o n  o f  t h e  c u f f  
and r e m o v a l  of  t h e  e n d o - t r a c h e a l  t u b e .  At t h e  t i m e  o f  t h e  
s t u d y ,  oxygen  was  n o t  r o u t i n e l y  a d m i n i s t e r e d  t o  t h i s  ty p e  of  
p a t i e n t  i n  t h e  p o s t - o p e r a t i v e  p e r i o d .
b) S p i n a l  A n a e s t h e s i a .
1.2 -1 .5  ml o f  h y p e r b a r i c  c i n c h o c a i n e  ("heavy  n u p e r c a i n e " )  
w as  i n j e c t e d  s l o w l y  ( w i t h o u t  b a r b o t a g e )  i n t o  t h e  s u b a r a c h n o i d  
s p a c e  a t  t h e  3^d o r  4 t h  l u m b a r  i n t e r s p a c e  v i a  a  22 gauge  
" s p i n a l "  n e e d l e .  The b l o c k  was  p e r f o r m e d  w i t h  t h e  p a t i e n t  i n  
t h e  h o r i z o n t a l  and l a t e r a l  p o s i t i o n  w i t h  t h e  f r a c t u r e d  h i p  
d e p e n d e n t .  D i s c o m f o r t  c a u s e d  by t u r n i n g  t o  t h i s  p o s i t i o n  was 
t r a n s i e n t  and m i n i m i z e d  by g e n t l e  h a n d l i n g .  Two m i n u t e s  a f t e r  
i n j e c t i o n  t h e  p a t i e n t  w as  t u r n e d  t o  t h e  s u p i n e  p o s i t i o n  and  
r e m a i n e d  h o r i z o n t a l .  S m a l l  d o s e s  o f  i n t r a v e n o u s  d ia z e p a m  w e r e  
g i v e n  i f  s e d a t i o n  was  t h o u g h t  n e c e s s a r y .  The b l o c k s  a c h i e v e d  
w e r e  b i l a t e r a l  so a s  t o  a b o l i s h  t h e  d i s c o m f o r t  o f  l y i n g  on t h e  
o r t h o p a e d i c  t a b l e ,  b u t  l e v e l s  o f  b l o c k  w e re  n o t  a s s e s s e d  i n
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o r d e r  t o  m i n i m i s e  d i s t u r b a n c e  o f  t h e  p a t i e n t s .  A r t e r i a l  
p r e s s u r e  was  m e a s u r e d  by o s c i l l o t o n o m e t e r .  The e l e c t r o ­
c a r d i o g r a m  and p e r i p h e r a l  p u l s e  (by d i g i t a l  p l e t h y s m o g r a p h y )  
w e re  m o n i t o r e d .  A x i l l a r y  t e m p e r a t u r e  was  m e a s u r e d  a t  t i m e s  o f  
b lo o d  s a m p l i n g .  I n  two p a t i e n t s  i t  p ro v e d  i m p o s s i b l e  t o  p e r f o r m  
lu m b a r  p u n c t u r e  and  t h o s e  p a t i e n t s  w e re  e x c l u d e d  f rom  t h e  s t u d y  
and  g i v e n  g e n e r a l  a n a e s t h e s i a .
[ 1 .1 5 ]  E v o l u t i o n  o f  S t u d i e s
The i n i t i a l  s t u d y  p l a n  w as  a c o m p a r i s o n  o f  t h e  e f f e c t s  o f  
a n a e s t h e t i c  t e c h n i q u e  on b lo o d  g a s  r e s u l t s  i n  t h e  i m m e d i a t e  
p e r i - o p e r a t i v e  p e r i o d .  The c h a n g e s  i n  a r t e r i a l  o x y g e n a t i o n  i n  
t h e  f i r s t  h o u r  a f t e r  g e n e r a l  a n a e s t h e s i a  w e re  t h e n  e x a m in e d  i n  
d e t a i l  i n  a  s m a l l  number o f  p a t i e n t s .
When e a r l y  p o s t - o p e r a t i v e  m o r t a l i t y  r e s u l t s  w e re  e x a m in e d  
and a t r e n d  was  f o u n d  t o w a r d s  a d i f f e r e n c e  b e t w e e n  t h e  g r o u p s ,  
i t  was d e c i d e d  t h a t  l a r g e r  n u m b e rs  o f  p a t i e n t s  w e re  needed .  The 
s c o p e  o f  t h e  s t u d i e s  w as  a l s o  e x t e n d e d .  An i n v e s t i g a t i o n  o f  
c o m p a r a t i v e  i n c i d e n c e  o f  deep  v e n o u s  t h r o m b o s i s  was  i n i t i a t e d  
i n  an  a t t e m p t  t o  e x p l a i n  w h e t h e r  t h e  d i f f e r e n c e s  i n  e a r l y  p o s t ­
o p e r a t i v e  m o r t a l i t y  m i g h t  be l i n k e d  w i t h  a d i f f e r e n c e  i n  
i n c i d e n c e  of  th ro m b o e m b o l i s m .
A s t u d y  o f  b l o o d  v i s c o s i t y  c h a n g e s  was  a l s o  i n i t i a t e d .  By 
c h a n c e ,  t h e  w i f e  o f  a j u n i o r  a n a e s t h e t i c  c o l l e a g u e  was  w o r k i n g  
i n  t h e  f i e l d  o f  b l o o d  r h e o l o g y  i n  a n o t h e r  h o s p i t a l ,  Glasgow 
Royal  I n f i r m a r y .  S i n c e  t h e r e  was  no p r e v i o u s  w ork  c o m p a r in g  
s p i n a l  and g e n e r a l  a n a e s t h e s i a  and e f f e c t s  on v i s c o s i t y ,  t h i s  
p a r t  o f  t h e  s t u d y  w as  em b a rk e d  upon  o u t  o f  c u r i o s i t y  and  w i t h  
no w o r k i n g  h y p o t h e s i s  a t  t h a t  t i m e .
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A f t e r  r e s u l t s  o f  e a r l y  p o s t - o p e r a t i v e  m o r t a l i t y  f o r  a l l  
p a t i e n t s  s t u d i e d  had been  a n a l y s e d ,  a d i f f e r e n c e  i n  m o r t a l i t y  
b e t w e e n  t h e  g r o u p s  was  c o n f i r m e d .  I t  was f e l t  w i s e ,  b e f o r e  
d r a w i n g  f a r  r e a c h i n g  c o n c l u s i o n s  a b o u t  t h e  r e l a t i v e  s a f e t y  o f  
t h e  a n a e s t h e t i c  t e c h n i q u e s ,  t o  ex a m in e  t h e  ou tcom e  i n  t h e  
p a t i e n t ' s  a l r e a d y  s t u d i e d  o v e r  a much l o n g e r  p e r i o d ,  and a 
r e t r o s p e c t i v e  f o l l o w - u p  o f  t h e  ou tcom e  o v e r  t h e  f i r s t  y e a r  
a f t e r  o p e r a t i o n  was i n i t i a t e d .
.
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CHAPTER 2 
BLOOD GAS STUDIES
SECTION I
C om par ison  o f  A r t e r i a l  B lood  Gas D ata  i n  t h e  P e r i - o p e r a t i v e  
P e r i o d  i n  P a t i e n t s  R e c e i v i n g  S p i n a l  o r  G e n e r a l  A n a e s t h e s i a
[ 2 . 1 ]  I n t r o d u c t i o n
A r t e r i a l  oxygen t e n s i o n  t e n d s  t o  d e c r e a s e  w i t h  a d v a n c i n g  
age (R a in e  and B i s h o p ,  1963;  Conway, Payne and T o m l in ,  19.65; 
M a r s h a l l  and M i l l a r ,  1965;  D a v i s  and S p en ce ,  1972; G i l l i e s ,  
P e t r i e ,  Morgan e t  a l ,  1977).  I t  h a s  a l s o  been  s u g g e s t e d  t h a t  
p a t i e n t s  w i t h  f r a c t u r e d  neck  o f  fem u r  have  a r t e r i a l  pOg v a l u e s  
e ven  l o w e r  t h a n  wou ld  be p r e d i c t e d  on t h e  b a s i s  o f  age a l o n e  
( P h i l l i p s  and T o m l in ,  1977;  M a r t i n  1977).
I n  p a t i e n t s  h a v i n g  s u r g i c a l  c o r r e c t i o n  o f  f r a c t u r e d  neck  
o f  f e m u r  u n d e r  g e n e r a l  a n a e s t h e s i a ,  W i s h a r t ,  W i l l i a m s  and S m i t h  
(1977) fo u n d  t h a t  t h e r e  was  a s m a l l  b u t  s i g n i f i c a n t  
d e t e r i o r a t i o n  i n  a r t e r i a l  o x y g e n a t i o n  by one h o u r  a f t e r  s u r g e r y  
com pared  w i t h  p r e - o p e r a t i v e  v a l u e s .  T h i s  o c c u r r e d  w h e t h e r  t h e  
p a t i e n t  was  a r t i f i c i a l l y  v e n t i l a t e d  o r  was a l l o w e d  t o  b r e a t h e  
s p o n t a n e o u s l y  t h r o u g h  e i t h e r  a " c i r c l e "  o r  an  "open"  b r e a t h i n g  
s y s t e m .  W hi le  s t u d i e s  i n  a v a r i e t y  o f  p a t i e n t s  have  s u g g e s t e d  
t h a t  d e t e r i o r a t i o n  i n  a r t e r i a l  b lo o d  g a s  v a l u e s  does  n o t  o c c u r  
a f t e r  s p i n a l  a n a e s t h e s i a  (de Jo n g ,  1965; C a t e n a c c i  and 
S a m p a t h a c h a r , 1969;  P a s k i n ,  Rodman and S m i t h ,  1969),  t h e  e f f e c t  
o f  s p i n a l  a n a e s t h e s i a  on b l o o d  g a s  d a t a  i n  p a t i e n t s  w i t h  
f r a c t u r e d  neck  o f  f e m u r  d o es  n o t  seem t o  have  been  p r e v i o u s l y  
d e s c r i b e d .  The p r e s e n t  s t u d y  was  p e r f o r m e d  t o  com pare  t h e
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e f f e c t s  o f  s p i n a l  and g e n e r a l  a n a e s t h e s i a  on p u lm o n a ry  f u n c t i o n  
a s  a s s e s s e d  by a r t e r i a l  b lo o d  gas  d a t a ,  b e f o r e ,  d u r i n g  and 
a f t e r  s u r g e r y .
[ 2 .2 ]  P a t i e n t s  and Methods
100 u n s e l e c t e d  p a t i e n t s  p r e s e n t i n g  f o r  i n t e r n a l  f i x a t i o n  
o f  f r a c t u r e d  neck  o f  f e m u r  w e re  r a n d o m ly  a l l o c a t e d  to  r e c e i v e  
s p i n a l  a n a e s t h e s i a  by s u b a r a c h n o i d  b l o c k  (SAB Group) o r  g e n e r a l  
a n a e s t h e s i a  (GA Group) u s i n g  t h e  p r e v i o u s l y  d e s c r i b e d  m e th o d s  
( c h a p t e r  1 . 1 4 ) .
D e t a i l s  w e re  n o t e d  o f  p r e v i o u s  m e d i c a l  h i s t o r y  and of  
c u r r e n t  d ru g  t h e r a p y .  The s c o r i n g  s y s t e m  d e s c r i b e d  i n  c h a p t e r  1 
was  u s e d ,  s u b s e q u e n t l y  a l l o c a t i n g  s c o r e s  of  1 t o  3 on t h e  b a s i s  
o f  t h e  p a t i e n t ’s o v e r a l l  p h y s i c a l  s t a t e ,  and t h a t  of  t h e  
c a r d i o - v a s c u l a r  (CVS), c e n t r a l  n e r v o u s  (CNS), and r e s p i r a t o r y  
(RS) s y s t e m s .  D e t a i l e d  d e s c r i p t i o n  of  t h e  t y p e  o f  m e d i c a l  
p r o b l e m s  e n c o u n t e r e d  and p r e - a d m i s s i o n  d rug  t h e r a p y  i s  g i v e n  i n  
c h a p t e r  5.
I n  t h e  t h e a t r e  r e c e p t i o n  a r e a  t h e  p a t i e n t ’s a x i l l a r y  
t e m p e r a t u r e  was  m e a s u r e d  w i t h  a c l i n i c a l  m e rc u r y  t h e r m o m e t e r  
and 2 ml o f  a r t e r i a l  b lo o d  was  w i t h d r a w n  a n a e r o b i c a l l y  i n t o  a 
h e p a r i n i s e d  p l a s t i c  s y r i n g e  f ro m  t h e  r a d i a l  a r t e r y .  The s a m p l e s  
w e re  w i t h d r a w n  w i t h  t h e  p a t i e n t  i n  t h e  s u p i n e  p o s i t i o n  b e f o r e  
t r a n s f e r  f ro m  bed t o  t h e  t h e a t r e  t r o l l e y .  Venous s a m p l e s  f o r  
h a e m o g l o b i n  (Hb) e s t i m a t i o n  w e r e  a l s o  t a k e n  i n  t h e  f i r s t  50 
p a t i e n t s .  Nine p a t i e n t s  i n  t h e  SAB g roup  r e c e i v e d  s m a l l  d o s e s  
o f  d ia zep am  i . v .  and one p a t i e n t  r e q u i r e d  m e t o c l o p r a m i de f o r  
n a u s e a .
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A r t e r i a l  and  v e n o u s  (50 p a t i e n t s  o n l y )  s a m p l e s  w e re  a g a i n  
w i t h d r a w n  1 ho u r  a f t e r  i n d u c t i o n  o f  a n a e s t h e s i a  and a t  1 hour  
a f t e r  t h e  end  o f  t h e  s u r g i c a l  p r o c e d u r e .  When oxygen  t h e r a p y  
had  b e e n  g i v e n  i n  t h e  i m m e d i a t e  p o s t - o p e r a t i v e  p e r i o d ,  t h i s  was  
d i s c o n t i n u e d  ( i f  c o n s i d e r e d  s a f e  t o  do so)  and  t h e  p a t i e n t  
b r e a t h e d  room a i r  f o r  a t  l e a s t  20 m i n u t e s  p r i o r  t o  t h e  p o s t ­
o p e r a t i v e  a r t e r i a l  b l o o d  s a m p le  b e i n g  t a k e n .  2 p a t i e n t s  ( b o t h  
i n  t h e  G A g ro u p )  w ere  c o n s i d e r e d  t o o  u n w e l l  t o  p e r m i t  t h e  
d i s c o n t i n u a t i o n  of  oxygen  t h e r a p y .  The a r t e r i a l  s a m p l e s  w e re  
a n a l y s e d  i m m e d i a t e l y  a f t e r  w i t h d r a w a l  f o r  pOg, pCOg, pH and 
b a s e  e x c e s s  u s i n g  a R a d i o m e t e r  ABL1 a u t o m a t e d  b l o o d - g a s  
a n a l y s e r .  C o r r e c t i o n s  w e r e  l a t e r  a p p l i e d  f o r  t h e  d i f f e r e n c e s  
b e t w e e n  e l e c t r o d e  t e m p e r a t u r e  and  t h a t  of  t h e  p a t i e n t ,  u s i n g  a 
s t a n d a r d  t e m p e r a t u r e  c o r r e c t i o n  p rogramm e on a H e w l e t t  P a c k a r d  
p r o g r a m m a b le  c a l c u l a t o r .
[2.3  3 A c cu racy  o f  A n a l y s i s
The ABL1 a u t o m a t e d  b l o o d  g a s  a n a l y s e r  h a s  been  shown by 
S e lm a n  and  T a i t  (1976)  t o  hav e  an  a c c u r a c y  c o m p a r a b l e  w i t h  
s t a n d a r d  b lo o d  g a s  a n a l y s i s  e q u i p m e n t  w i t h  s t a n d a r d  d e v i a t i o n s  
o f ;  pH e l e c t r o d e  + / -  0 .002 u n i t s ,  pOg e l e c t r o d e  ( f o r  
t o n o m e t e r e d  b lo o d )  + / -  0.133 kPa,  pCOg e l e c t r o d e  + / -  0.175  kPa. 
The m a c h in e  u s e d  f o r  t h e  p r e s e n t  s t u d i e s  was s i t u a t e d  i n  t h e  
I n t e n s i v e  Therapy  U n i t  a d j a c e n t  t o  t h e  t h e a t r e  s u i t e  and  was  
s u b j e c t  t o  a c a r e f u l  d a i l y  m a i n t e n a n c e  and  c a l i b r a t i o n  r e g i m e  
by t e c h n i c i a n s  f ro m  t h e  a n a e s t h e t i c  d e p a r t m e n t .
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[ 2 . 4 ]  R e s u l t s
The d i s t r i b u t i o n  o f  f i t n e s s  s c o r e s  i s  d i s p l a y e d  i n  t a b l e  
1. There  w e re  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  
t h e  g r o u p s  i n  t h e  number of  p a t i e n t s  a l l o c a t e d  t o  e a c h  s c o r e  
(by c h i - s q u a r e  t e s t ) .  Where t h e  number  of  p a t i e n t s  s c o r i n g  "3" 
was so s m a l l  a s  t o  r e n d e r  t h e  c h i - s q u a r e  t e s t  i n v a l i d ,  t h e s e  
p a t i e n t s  w e re  e x c l u d e d  f rom  t h e  t e s t .  Sex d i s t r i b u t i o n  was  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  t h e  g r o u p s  ( c h i - s q u a r e  t e s t ) .
I n  t h e  GA g r o u p  t h e r e  w e r e  40 f e m a l e s  and 11 m a l e s ,  and  t h e  SAB 
g r o u p  c o n s i s t e d  o f  35 f e m a l e s  and  14 m a le s .  G e n e r a l  d e t a i l s  o f  
t h e  p a t i e n t s  s t u d i e d  a r e  g i v e n  i n  t a b l e  2. T h e re  w e re  no 
s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  (by u n p a i r e d  
s t u d e n t ' s  t  t e s t )  i n  r e s p e c t  o f  mean age ,  t e m p e r a t u r e ,  d u r a t i o n  
o f  s u r g e r y ,  b lo o d  l o s s ,  v o lu m e  o f  f l u i d  i n f u s e d  o r  t h e  i n t e r v a l  
b e t w e e n  a d m i s s i o n  t o  h o s p i t a l  and  t i m e  o f  s u r g e r y .  The mean 
d e l a y  o f  a ro u n d  2 d a y s  b e t w e e n  a d m i s s i o n  and  s u r g e r y  o c c u r r e d  
b e c a u s e  t h e  m a j o r i t y  o f  p a t i e n t s  i n  t h i s  s t u d y  w ere  o p e r a t e d  
upon  on Monday m o r n i n g s  and  no s u r g e r y  on f r a c t u r e d  n e c k s  o f  
f e m u r  was  p e r f o r m e d  a t  w e e k e n d s  a f t e r  S a t u r d a y  l u n c h - t i m e  ( w i t h  
t h e  e x c e p t i o n  o f  p r i m a r y  h i p  p r o s t h e s i s ) .  T a b l e  3 d i s p l a y s  p r e ­
o p e r a t i v e  and  minimum i n t r a - o p e r a t i v e  v a l u e s  o f  s y s t o l i c  
a r t e r i a l  p r e s s u r e  i n  e a c h  g ro u p .  Mean s y s t o l i c  p r e s s u r e  f e l l  
s i g n i f i c a n t l y  f rom  p r e - o p e r a t i v e  v a l u e s  i n  b o th  g r o u p s  
(p<0 .001) .  The d e c r e a s e  w as  s i g n i f i c a n t l y  g r e a t e r  (p<0.05) i n  
t h e  SAB g ro u p  (mean d e c r e a s e  64 mm Hg) com pared  w i t h  t h e  GA 
g ro u p  (45 mm Hg), a s  m i g h t  be e x p e c t e d  a s  a  r e s u l t  o f  t h e  
s y m p a t h e t i c  b l o c k a d e  p ro d u c e d  by s p i n a l  a n a e s t h e s i a .
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A l l  p a t i e n t s  r e c e i v e d  an  i n t r a - o p e r a t i v e  f l u i d  i n f u s i o n .  
Two p a t i e n t s  i n  t h e  GA g ro u p  r e c e i v e d  b lo o d  t r a n s f u s i o n s  d u r i n g  
o p e r a t i o n .  I n t r a - o p e r a t i v e  i n f u s i o n  of  p l a s m a  p r o t e i n  s o l u t i o n  
o r  p l a s m a  e x p a n d e r  was  g i v e n  t o  6 p a t i e n t s  i n  t h e  GA g roup  and 
8 i n  t h e  SAB g roup .  H a e m o g lo b in  (Hb) c o n c e n t r a t i o n  w as  m e a s u r e d  
i n  t h e  f i r s t  50 p a t i e n t s  o n ly .  Mean p o s t - o p e r a t i v e  Hb 
c o n c e n t r a t i o n  f e l l  s i g n i f i c a n t l y  from p r e - o p e r a t i v e  v a l u e s  i n  
b o t h  g r o u p s  (p<0.001) .  The e x t e n t  o f  t h e  f a l l  was  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  b e i n g  1.2 g d l i t r e " ^  i n  t h e  GA g r o u p  
a n d  1 .8  g d l i t r e " ^  i n  t h e  SAB g r o u p .
Mean a r t e r i a l  b lo o d  g a s  v a l u e s  i n  eac h  g r o u p  a r e  d i s p l a y e d  
i n  t a b l e  4,  and t h e  c h a n g e s  f ro m  p r e - o p e r a t i v e  t o  p o s t ­
o p e r a t i v e  v a l u e s  i n  t a b l e  5. P r e - o p e r a t i v e  a r t e r i a l  pOg v a l u e s  
w e re  low i n  b o th  g r o u p s  ( o v e r a l l  mean 9.04 kPa).  By one h o u r  
a f t e r  s u r g e r y ,  t h e  mean PaOg i n  t h e  GA g r o u p  had d e c r e a s e d  
s i g n i f i c a n t l y  by 0.68 kPa f ro m  t h e  p r e - o p e r a t i v e  v a l u e .  There  
was ,  h o w ev e r ,  no change  i n  mean PaOg i n  t h e  SAB g r o u p  e i t h e r  
d u r i n g  o r  a f t e r  s u r g e r y .  A l l  b lo o d  g a s  m e a s u r e m e n t s  i n  SAB 
g r o u p  w e re  made w i t h  t h e  p a t i e n t  b r e a t h i n g  room a i r .  PaOg 
v a l u e s  i n  t h e  GA g r o u p  d u r i n g  o p e r a t i o n  a r e  n o t  q u o t e d  a s  t h e s e  
p a t i e n t s  r e c e i v e d  an  FlOg o f  0.33 .
R e g r e s s i o n  a n a l y s i s  o f  t h e  b l o o d - g a s  d a t a  ( f i g u r e s  1 -4 ) ,  
f a i l e d  t o  r e v e a l  a c o r r e l a t i o n  b e t w e e n  age and PaOg, e i t h e r  i n  
t h e  p r e - o p e r a t i v e  o r  p o s t - o p e r a t i v e  s a m p l e s .  P r e - o p e r a t i v e  
PaCOg v a l u e s  w e re  low i n  b o th  g r o u p s  (mean 4 .35  kP a ) ,  b u t  
i n t r a - o p e r a t i v e  PaC02 was  s i g n i f i c a n t l y  h i g h e r  i n  t h e  GA g roup  
t h a n  i n  t h e  SAB g roup .  I n t r a - o p e r a t i v e  PaCOg v a l u e s  w e re ,  
h o w e v e r ,  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  p r e - o p e r a t i v e  v a l u e s  
i n  e i t h e r  g ro u p  ( t a b l e  4) .
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The i n t r a - o p e r a t i v e  d e c r e a s e  i n  pH and i n c r e a s e  i n  b a s e  
d e f i c i t  i n  b o th  g r o u p s ,  w h i l s t  s t a t i s t i c a l l y  s i g n i f i c a n t  w e re  
n o t  c l i n i c a l l y  n o t e w o r t h y .  Both  g r o u p s  showed a s i g n i f i c a n t  
f a l l  i n  t e m p e r a t u r e  by 1 h o u r  a f t e r  o p e r a t i o n .  The a x i l l a r y  
t e m p e r a t u r e  i n  one p a t i e n t  i n  t h e  GA g roup  f e l l  t o  33.3°C.
[ 2 , 5 ]  D i s c u s s i o n
The p a t i e n t s  h a v i n g  r e p a i r  o f  f r a c t u r e d  neck  of  f e m u r  
u n d e r  s p i n a l  a n a e s t h e s i a  showed no s i g n i f i c a n t  c h a n g e s  i n  mean 
pOg or  PCO2 d u r i n g  o r  a f t e r  o p e r a t i o n .  The p a t i e n t s  i n  t h e  GA 
g r o u p ,  i n  c o n t r a s t  t o  t h e  SAB g ro u p ,  showed a s m a l l  b u t  
s i g n i f i c a n t  d e c r e a s e  i n  mean PaOg f rom  p r e - o p e r a t i v e  v a l u e s  o f  
0.68 kPa by one h o u r  a f t e r  s u r g e r y .
De Jong ,  ( 1965 ) ,  fo u n d  t h a t  i n  14 p a t i e n t s  u n d e r g o i n g  
v a r i o u s  m a j o r  s u r g i c a l  p r o c e d u r e s  u n d e r  s p i n a l  o r  e p i d u r a l  
b l o c k ,  i n t r a - o p e r a t i v e  a r t e r i a l  b l o o d  g a s  d a t a  showed  no 
s i g n i f i c a n t  change  f ro m  p r e - o p e r a t i v e  v a l u e s .  The l e v e l s  o f  
b l o c k  a c h i e v e d  v a r i e d  f rom  T10 t o  C5 and a l l  p a t i e n t s  r e c e i v e d  
some form o f  s e d a t i o n .  Only 6 of  t h e  p a t i e n t s  w e re  f i t ,  n o r m a l  
p a t i e n t s ,  11 o f  t h e  p a t i e n t s  b r e a t h e d  added  oxygen  a t  some 
p o i n t  d u r i n g  t h e  s u r g i c a l  p r o c e d u r e .  B eca u se  o f  t h e s e  
v a r i a b l e s  i t  i s  d i f f i c u l t  t o  draw c o n c l u s i o n s  f ro m  t h a t  s t u d y .  
C a t e n a c c i  and S a m p a t h a c h a r  (196 9) showed an  i n c r e a s e  i n  Pa02 i n  
o b e s e  p a t i e n t s  a f t e r  i n d u c t i o n  of  h ig h  s p i n a l  a n a e s t h e t i c  b l o c k  
t o  a l e v e l  o f  T4 t o  T8. T he re  was  no s i g n i f i c a n t  change  i n  
a r t e r i a l  pOg i n  n o n - o b e s e  p a t i e n t s  a f t e r  a s i m i l a r  l e v e l  of  
b l o c k  was i n d u c e d .  No s i g n i f i c a n t  ch a n g e s  i n  b lo o d  g a s e s  o c c u r  
a f t e r  s p i n a l  a n a e s t h e s i a  i n  p a t i e n t s  w i t h  c h r o n i c  o b s t r u c t i v e  
a i r w a y s  d i s e a s e  ( P a s k i n  e t  a l ,  1969).  L i t t l e  change  was f o u n d
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i n  t o t a l  v e n t i l a t i o n  u n d e r  h i g h  s p i n a l  b l o c k  by Askrog ,  S m i t h  
and E c k e n h o f f  (1964)  b u t  t h e r e  was  some i n c r e a s e  i n  
p h y s i o l o g i c a l  dead  s p a c e .
W i s h a r t  e t  a l  (1977)  fo u n d  a s i m i l a r  d e c r e a s e  i n  a r t e r i a l  
o x y g e n a t i o n  t o  t h a t  s e e n  i n  t h e  p r e s e n t  s t u d y  i n  p a t i e n t s  
h a v i n g  r e p a i r  o f  f r a c t u r e d  neck  of  f e m u r  u s i n g  3 d i f f e r e n t  
t e c h n i q u e s  o f  g e n e r a l  a n a e s t h e s i a ,  ( h a l o t h a n e  and oxygen  v i a  
c l o s e d  c i r c u i t ;  h a l o t h a n e ,  n i t r o u s  o x i d e  and oxygen  v i a  a 
M a g i l l  s y s t e m ;  and a r t i f i c i a l  v e n t i l a t i o n  w i t h  66^ n i t r o u s  
o x i d e  i n  oxygen  w i t h  p a n c u ro n iu m  p r o v i d i n g  n e u r o m u s c u l a r  
b l o c k a d e ).
P a t i e n t s  i n  t h e  p r e s e n t  s t u d y  had  an  o v e r a l l  mean PaOg 
b e f o r e  i n d u c t i o n  o f  a n a e s t h e s i a  o f  9.04 kPa. The q u e s t i o n  
a r i s e s  a s  t o  w h e t h e r  t h i s  v a l u e  i s  l o w e r  t h a n  one m i g h t  e x p e c t  
i n  a g e n e r a l  p o p u l a t i o n  o f  s i m i l a r  age g roup .  The v a l u e s  i n  
t h e  p r e s e n t  s t u d y  a r e  i n  a g r e e m e n t  w i t h  t h o s e  i n  c o m p a r a b l e  
p a t i e n t s  i n  o t h e r  r e c e n t  s e r i e s ,  ( W i s h a r t  e t  a l ,  1977;
P h i l l i p s  and T o m l in ,  1977; McLaren,  S t o c k w e l l  and Reid ,  1 978). 
M a r t i n ,  1977,  f ound  a l o w e r  p r e - o p e r a t i v e  mean PaOg (8 .56 kPa) 
i n  a s i m i l a r  g r o u p  o f  p a t i e n t s  t o  t h o s e  i n  t h e  p r e s e n t  s t u d y .  
I f  i t  w e re  p e r m i s s i b l e  t o  e x t r a p o l a t e  p u b l i s h e d  r e g r e s s i o n  
l i n e s  f o r  age a g a i n s t  PaOg ( R a in e  and B is h o p ,  1963;  G i l l i e s  e t  
a l ,  1977) i n t o  t h e  age  r a n g e  o f  t h e  p r e s e n t  s t u d y ,  t h e n  t h e  
p r e - o p e r a t i v e  PaOg v a l u e s  w o u ld  seem s m a l l e r  t h a n  e x p e c t e d .  
However,  t h e  m a j o r i t y  o f  d a t a  f rom  w h ic h  t h e s e  r e g r e s s i o n  l i n e s  
w ere  d e r i v e d  w e re  f rom  p a t i e n t s  u n d e r  60 y e a r s  o f  age and 
e x t r a p o l a t i o n  o f  r e g r e s s i o n  l i n e s  i s  s t a t i s t i c a l l y  
u n a c c e p t a b l e .
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C l i n i c a l l y  u n s u s p e c t e d  h y p o x a e m ia  o f t e n  o c c u r s  soon  a f t e r  
f r a c t u r e s ,  e s p e c i a l l y  t h o s e  o f  l o n g  bones  ( T a c h a k r a  and S e v i t t ,  
1975),  b u t  t h a t  s t u d y  fo u n d  a r e l a t i v e l y  low i n c i d e n c e  of  
h y p o x a e m ia  a f t e r  h i p  f r a c t u r e  (14 o u t  o f  31 p a t i e n t s ) .  The 
r a p i d  d e v e l o p m e n t  o f  h y p o x a e m ia  w ou ld  be c o n s i s t e n t  w i t h  t h e  
" f a t  em b o lu s "  syndrom e.  The h y p o x i a  h a s  p r e v i o u s l y  been  
c o n s i d e r e d  t o  be due t o  f a t  g l o b u l e s  f rom e i t h e r  t h e  
t r a u m a t i s e d  a r e a  o r  p l a s m a  f a t  l o d g i n g  i n  t h e  p u lm o n a ry  
c a p i l l a r i e s  ( S a l d e e n ,  1 970a) .  However,  S a l d e e n  (1970a ) ,  i n  
a u t o p s y  m a t e r i a l ,  f o u n d  f i b r i n  i n  p u lm o n a ry  v e s s e l s  more o f t e n  
i n  " f a t  e m b o l i s m "  t h a n  o t h e r  t r a u m a t i c  c a s e s  and c o n c l u d e d  t h a t  
i n t r a v a s c u l a r  c o a g u l a t i o n  i n  t h e  l u n g  c o u l d  o c c u r  i n  " f a t  
e m b o l i s m " .  I n  r a t s  ( S a l d e e n ,  1970b) e x p e r i m e n t a l l y  i n d u c e d  f a t  
e m b o l i s m  p ro d u c e d  a s i m i l a r  h i s t o l o g i c a l  p i c t u r e  i n  t h e  l u n g s  
t o  t h a t  o c c u r r i n g  a f t e r  i n j e c t i o n  o f  t h r o m b o p l a s t i n .  H e p a r i n  
and. f i b r i n o l y s i n  c o u n t e r a c t e d  t h e  e f f e c t s  o f  i n j e c t e d  f a t .  
Modig,  Busch ,  O le ru d  e t  a l  (1975)  found  t h a t  t h e  r e d u c t i o n s  of  
a r t e r i a l  b lo o d  p r e s s u r e  and pOg i n  p a t i e n t s  u n d e r g o i n g  t o t a l  
h i p  r e p l a c e m e n t  w e re  n o t  r e l a t e d  t o  f a t  d r o p l e t s  i n  t h e  l u n g s  
o r  a c r y l i c  monomer f ro m  t h e  c e m en t  u s e d  i n  f i x a t i o n  o f  t h e  
p r o s t h e s i s ,  b u t  c l o s e l y  c o r r e l a t e d  w i t h  t i s s u e  t h r o m b o p l a s t i n  
p r o d u c t s  r e a c h i n g  t h e  p u lm o n a ry  c i r c u l a t i o n .  T h r o m b o p l a s t i n s  
a r e  a l s o  r e l e a s e d  d u r i n g  f r a c t u r e s  o f  t h e  l o w e r  l i m b  o r  when a 
f r a c t u r e  i s  moved (Modig ,  1977).  T h r o m b o p l a s t i n  g i v e s  r i s e  t o  
t h r o m b i n  w i t h  g e n e r a t i o n  o f  m i c r o e m b o l i  w h ich  a r e  t r a p p e d  i n  
t h e  p u lm o n a ry  m i c r o c i r c u l a t i o n .  T h i s  l e a d s  t o  d i s t u r b a n c e s  o f  
v e n t i l a t i o n - p e r f u s i o n  r a t i o s  and he n c e  a d e c r e a s e  i n  PaOg. At 
t h e i r  m o s t  s e v e r e  t h e s e  e v e n t s  l e a d  t o  t h e  d e v e l o p m e n t  o f  
c l i n i c a l  " f a t  e m b o l i s m "  w i t h  s h o ck  l u n g  and o t h e r  o r g a n
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d y s f u n c t i o n ,  v i a  com plex  m e c h a n i s m s  w h ich  need  n o t  be d i s c u s s e d  
h e r e .
A n o th e r  p o s s i b l e  e x p l a n a t i o n  f o r  t h e  p r e - o p e r a t i v e  h y p o x i a  
c o u l d  be t h e  s u p i n e  p o s i t i o n  or  p r o l o n g e d  r e cu m b en cy .  Ward,  
T o l a s ,  B e n v e n i s t e  e t  a l  (1966) e x a m in e d  t h e  PaOg of 100 e l d e r l y  
p a t i e n t s .  50 p a t i e n t s  (mean age  72 y e a r s )  i n  t h e  s i t t i n g  
p o s i t i o n  had a mean o f  PaOg o f  11,2 kPa,  w h i l e  t h e  o t h e r  g r o u p  
o f  50 p a t i e n t s  (mean age  73 y e a r s )  i n  t h e  s u p i n e  p o s i t i o n  had  a 
mean PaO^ o f  10.24 kPa.  P r o l o n g e d  r ecum bency  o f  10 d a y s  h a s  
been  shown t o  i n c r e a s e  t h e  mean a l v e o l a r - a r t e r i a l  O2 p a r t i a l  
p r e s s u r e  d i f f e r e n c e  f rom  1.2 kPa t o  2.5 kPa i n  young h e a l t h y  
men (C a rd u s ,  1967).
I n  v iew  o f  t h e  d e t e r i o r a t i o n  o f  PaOg p o s t - o p e r a t i v e l y  i n  
t h e  GA g ro u p ,  i t  was d e c i d e d  t o  s t u d y  i n  d e t a i l ,  ch a n g e s  i n  
a r t e r i a l  b lo o d  g a s e s  d u r i n g  t h e  f i r s t  h o u r  a f t e r  a n a e s t h e s i a .
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A n a l y s i s  o f  A r t e r i a l  B lood  Gas D a ta  a f t e r  G e n e r a l A p a e s t b e s i a  
w i t h  P a r t i c u l a r  R e f e r e n o e  t o  t h e  F i r s t  Hour 
A f t e r  t h e  Enc[__Qi*_AnaesthesjLa
[ 2 . 6 ]  I n t r o d u c t i o n
As d e s c r i b e d  p r e v i o u s l y ,  p a t i e n t s  u n d e r g o i n g  r e p a i r  o f  
f r a c t u r e d  neck  o f  f e m u r  u n d e r  g e n e r a l  a n a e s t h e s i a  show a 
s i g n i f i c a n t  r e d u c t i o n  i n  a r t e r i a l  oxygen  t e n s i o n  by 1 h o u r  
a f t e r  t h e  end o f  a n a e s t h e s i a .  As t h i s  o c c u r s  i n  p a t i e n t s  who 
a r e  a l r e a d y  t e n d i n g  t o  be h y p o x a e m ic  b e f o r e  i n d u c t i o n  o f  
a n a e s t h e s i a ,  i t  was  d e c i d e d  t o  e x a m in e  i n  d e t a i l  t h e  c h a n g e s  i n  
a r t e r i a l  b lo o d  g a s  d a t a  i n  t h e  f i r s t  h o u r  a f t e r  a n a e s t h e s i a  had  
been  d i s c o n t i n u e d .
[ 2 .7 ]  P a t i e n t s  and  M ethods
20 p a t i e n t s  w e r e  s t u d i e d  who had  been  r a n d o m l y  a l l o c a t e d  
t o  r e c e i v e  g e n e r a l  a n a e s t h e s i a .  However ,  b e c a u s e  o f  c a l i b r a t i o n  
p r o b l e m s  w i t h  t h e  oxygen  e l e c t r o d e  ( d e t a i l e d  l a t e r )  t h e  r e s u l t s  
f ro m  t h e  f i r s t  10 p a t i e n t s  c o u l d  n o t  be t a k e n  a s  v a l i d ,  and 
w e re  abandoned .  The p a t i e n t s  w e re  n o t  c o n s e c u t i v e  a s  t h e  n a t u r e  
of  t h e  s t u d y  d i d  n o t  a l l o w  t i m e  f o r  more  t h a n  one p a t i e n t  t o  be 
s t u d i e d  p e r  o p e r a t i n g  s e s s i o n .  The p r e - o p e r a t i v e  p r e p a r a t i o n  
and  m e thod  o f  g e n e r a l  a n a e s t h e s i a  w e re  a s  d e s c r i b e d  p r e v i o u s l y .
An a r t e r i a l  s a m p l e  was  w i t h d r a w n  f rom t h e  r a d i a l  a r t e r y  by 
d i r e c t  p u n c t u r e  w i t h  a 23 gauge  n e e d l e  i n t o  a h e p a r i n i s e d  
p l a s t i c  s y r i n g e  f rom  t h e  s u p i n e  p a t i e n t  i n  bed i n  t h e  t h e a t r e  
r e c e p t i o n  a r e a .  A f t e r  i n d u c t i o n  o f  g e n e r a l  a n a e s t h e s i a  a  
r a d i a l  a r t e r y  was  c a n n i i l a t e d  w i t h  a 20 gauge  " t e f l o n "  c a n n u l a
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t o  f a c i l i t a t e  f r e q u e n t  a r t e r i a l  b lo o d  s a m p l i n g .  An a r t e r i a l  
s a m p l e  was  w i t h d r a w n  i n t r  a - o p e r a t i v e l y  a t  1 h o u r  a f t e r  
i n d u c t i o n  of  a n a e s t h e s i a .  Tow ards  t h e  end of  t h e  o p e r a t i v e  
p r o c e d u r e  t h e  i n s p i r e d  oxygen  p e r c e n t a g e  o f  33? was  c h e c k e d  by 
s a m p l i n g  f ro m  t h e  i n s p i r a t o r y  l i m b  o f  t h e  c i r c l e  s y s t e m  and 
a n a l y s i n g  oxygen  c o n c e n t r a t i o n  on a Servomex oxygen  a n a l y s e r .
On eac h  o c c a s i o n  t h e  c o n c e n t r a t i o n  p ro v e d  c o r r e c t  w i t h i n  0.5$. 
A f t e r  t h e  end o f  t h e  s u r g i c a l  p r o c e d u r e  t h e  p a t i e n t  was  
t r a n s f e r r e d  t o  t h e  r e c o v e r y  a r e a  w h i l e  r e m a i n i n g  c o n n e c t e d  t o  
t h e  a n a e s t h e t i c  m a c h in e  w i t h  t h e  c o n c e n t r a t i o n s  o f  a n a e s t h e t i c  
a g e n t s  unchanged .  B lood  g a s  s a m p l e s  w e re  t h e n  t a k e n  i n  t h e  
r e c o v e r y  a r e a  w h i l e  s i m u l a t i n g  c o n d i t i o n s  w h ic h  c o u l d  be 
e x p e c t e d  t o  be e n c o u n t e r e d  a t  t h e  end  o f  a n a e s t h e s i a  and d u r i n g  
t h e  u s u a l  p e r i o d  o f  t r a n s f e r  t o  t h e  r e c o v e r y  a r e a .
As soon  a s  p o s s i b l e  i n  t h e  r e c o v e r y  a r e a ,  t h e  e n d o t r a c h e a l  
t u b e  was  d i s c o n n e c t e d  f ro m  t h e  a n a e s t h e t i c  s y s t e m  and t h e  
p a t i e n t  t h e n  a l l o w e d  t o  b r e a t h e  room a i r .  A r t e r i a l  b lo o d  
s a m p l e s  w e re  t a k e n  f ro m  t h e  i n t r a - a r t e r i a l  c a t h e t e r  a t  t h e  t i m e  
o f  d i s c o n n e c t i o n  o f  a n a e s t h e t i c  g a s e s .  F u r t h e r  s a m p l e s  w e re  
t a k e n  a t  t h e  f o l l o w i n g  t i m e s  a f t e r  d i s c o n n e c t i o n ;  1, 2,  3 ,  4,
6 , 8 ,  10 , 2 0 ,  3 0 ,  4 0 ,  5 0 ,  a n d  60 m i n u t e s .  S a m p l e s  w e r e  s t o r e d  
i n  i c e  u n t i l  a n a l y s i s  w as  p e r f o r m e d  a s  s oon  a s  p o s s i b l e  on t h e  
R a d i o m e t e r  ABL1 a u t o m a t e d  b lo o d  g a s  a n a l y s e r .  T h i s  had  been  
f i t t e d  w i t h  an  oxygen  e l e c t r o d e  s p e c i a l l y  s u p p l i e d  by 
R a d i o m e t e r  L t d  w h ic h  d i d  n o t  e x h i b i t  c a l i b r a t i o n  d r i f t  w i t h  
e x p o s u r e  t o  h a l o t h a n e - c o n t a i n i n g  b lo o d  s a m p l e s .  C a l i b r a t i o n  
was c h ec k ed  b e f o r e  and  a f t e r  e ac h  s e t  o f  s a m p l e s .  A l l  r e s u l t s  
w e r e  l a t e r  c o r r e c t e d  f o r  t h e  d i f f e r e n c e  b e t w e e n  t h e  p a t i e n t a s  
a x i l l a r y  t e m p e r a t u r e  and t h e  e l e c t r o d e  t e m p e r a t u r e  u s i n g  a
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s t a n d a r d  c o r r e c t i o n  p rogramm e f o r  b l o o d  g a s e s  on a p ro g ra m m a b le  
c a l c u l a t o r .  When a i r w a y  r e f l e x e s  r e t u r n e d  t h e  t r a c h e a l  t u b e  was 
removed .
[ 2 .8 ]  I n v e s t i g a t i o n  o f  C a l i b r a t i o n  E r r o r
D u r in g  s t u d i e s  i n  t h e  f i r s t  10 p a t i e n t s ,  i t  was  n o t i c e d  
t h a t  an  u n a c c e p t a b l e  d e g r e e  o f  c a l i b r a t i o n  d r i f t  was o c c u r r i n g  
b u t  o n ly  w i t h  c e r t a i n  s a m p l e s .  The p ro b lem  c o u l d  n o t  be 
d e m o n s t r a t e d  when b lo o d  s a m p l e s  f ro m  v o l u n t e e r s  w e r e  u s e d  e v e n  
when t h e  c o n d i t i o n s  o f  r a p i d  m u l t i p l e  a n a l y s e s  w e re  d u p l i c a t e d .  
I t  was  f o r t u i t o u s  t h a t  a f t e r  9 f r u i t l e s s  i n v e s t i g a t i o n s  of  t h e  
p r o b l e m ,  t h e  t e n t h  s a m p l e  came f ro m  a dog a n a e s t h e t i s e d  w i t h  
h a l o t h a n e .  On t h a t  o c c a s i o n  t h e  c a l i b r a t i o n  d r i f t  was  c l e a r l y  
s e e n  and  f u r t h e r  i n v e s t i g a t i o n  i n s t i g a t e d ,
16 ml of  v en o u s  b lo o d  w as  t a k e n  f rom  a n o rm a l  v o l u n t e e r  
and 8 ml o f  t h e  s a m p l e  t o n o m e t e r e d  w i t h  12$ oxygen  and 5.6$ 
c a r b o n  d i o x i d e  i n  n i t r o g e n  and t h e  o t h e r  8 ml t o n o m e t e r e d  w i t h  
t h e  same g a s  m i x t u r e  w i t h  t h e  a d d i t i o n  o f  1$ h a l o t h a n e .
S a m p l e s  f rom  t h e  f i r s t  8 ml o f  t o n o m e t e r e d  b lo o d  w e r e  a n a l y s e d  
s e q u e n t i a l l y  i n  t h e  ABL1 b lo o d  g a s  a n a l y s e r  w h ic h  was 
c a l i b r a t e d  b e f o r e  and a f t e r  t h e  m e a s u r e m e n t s  w e r e  made. T h i s  
p r o c e d u r e  was  r e p e a t e d  w i t h  t h e  s e c o n d  8 ml t o n o m e t e r e d  
a l  i q u o t .
R e s u l t s  showed ( t a b l e  6) t h a t  i n  t h e  a b s e n c e  o f  h a l o t h a n e  
t h e r e  was  l i t t l e  v a r i a t i o n  i n  m e a s u r e d  pÜ2 ( c o e f f i c i e n t  o f  
v a r i a t i o n  1.13$).  However,  i n  t h e  s a m p l e s  t o n o m e t e r e d  w i t h  
h a l o t h a n e  t h e r e  was  a p r o g r e s s i v e  i n c r e a s e  i n  m e a s u r e d  PO2 f ro m  
10.95 kPa t o  14.72 kPa a t  t h e  s e c o n d  m e a s u r e m e n t  on t h e  6 t h  
s a m p l e .
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S u b s e q u e n t  c a l i b r a t i o n  r e v e a l e d  p e r s i s t e n t  o v e r - r e a d i n g  o f  
2.39 kPa.  Only t h e  pOg e l e c t r o d e  r e v e a l e d  t h i s  i n s t a b i l i t y  
w i t h  h a l o t h a n e .  E x p o s u re  o f  t h e  PO2 e l e c t r o d e  t o  b lo o d  
c o n t a i n i n g  1$ h a l o t h a n e  r e s u l t e d  i n  a g r a d u a l  upw ard  d r i f t  i n  
c a l i b r a t i o n  such  t h a t  one h o u r  l a t e r ,  i t  o v e r - r e a d  by 10$ and 
t h i s  e f f e c t  p e r s i s t e d  f o r  t h e  s u b s e q u e n t  5 h o u r s .  T h i s  p ro b le m  
was  r e p o r t e d  i n  1971 ( S e v e r i n g h a u s ,  W e i sk o p f ,  N i s h i m u r a  e t  a l ,  
1971) b u t  seem s  n o t  t o  be w i d e l y  known a s  an i m p o r t a n t  s o u r c e  
of  e r r o r .  The e f f e c t  i s  v a r i a b l e  b e t w e e n  e l e c t r o d e s  and a s  
c a l i b r a t i o n  e r r o r s  w e re  n o t  n o t i c e d  u n t i l  t h e  f r e q u e n t  Pa02 
a n a l y s e s  w e re  p e r f o r m e d  s t a r t i n g  w i t h  t h e  93 rd  p a t i e n t ,  i t  i s  
p r o b a b l e  t h a t  t h e  e r r o r s  on p r e v i o u s  e l e c t r o d e s  w e re  
i n s i g n i f i c a n t .  However,  t h e  e f f e c t  o f  any e r r o r  o f  t h i s  t y p e  
w o u ld  be t o  c a u s e  t h e  p o s t - o p e r a t i v e  pOg v a l u e s  i n  t h e  GA g r o u p  
t o  be o v e r e s t i m a t e d  by a b o u t  10$. The m a j o r i t y  (80$)  o f  
a r t e r i a l  s a m p l e s  f rom  p a t i e n t s  r e c e i v i n g  g e n e r a l  a n a e s t h e s i a  
w e re  n o t  p r e c e d e d  by s a m p l e s  c o n t a i n i n g  h a l o t h a n e .  I n  t h e  c a s e  
o f  s a m p l e s  f rom  p a t i e n t s  who w e r e  s u b s e q u e n t  on t h e  l i s t  t o  
p a t i e n t s  who had  h a l o t h a n e ,  t h e  t i m e  w h ich  e l a p s e d  f rom  t h e  
f i r s t  h a l o t h a n e  s a m p l e  ( i n t r a - o p e r a t i v e )  u n t i l  t h e  p r e ­
o p e r a t i v e  s a m p l e  f ro m  t h e  p a t i e n t  a b o u t  t o  r e c e i v e  s p i n a l  
a n a e s t h e s i a  was  o f  t h e  o r d e r  o f  5 -2 0  m i n u t e s .  Thus ,  t h e  e f f e c t  
on s u b s e q u e n t  s a m p l e s  f ro m  t h e  SAB g ro u p  w ou ld  have  been  
v a r i a b l e ,  i n c r e a s i n g  f o r  t h e  i n t r a - o p e r a t i v e  and p o s t - o p e r a t i v e  
s a m p l e s .
I t  was  r e a l i s e d  t h a t  t h e  c a l i b r a t i o n  e r r o r  m i g h t  have  
a f f e c t e d  some o f  t h e  r e s u l t s  p r e s e n t e d  i n  t h e  f i r s t  p a r t  o f  
t h i s  c h a p t e r  b u t  when  t h e  r e s u l t s  w e re  ex a m in e d  f ro m  t h e  10 
p a t i e n t s  f r o m  t h e  SAB g r o u p  i n  whom t h e s e  e r r o r s  m i g h t  have
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o c c u r r e d ,  a mean d e c r e a s e  was  fo u n d  i n  Pa02 a t  1 h o u r  a f t e r  
s u r g e r y  o f  0,086 kPa f ro m  t h e  p r e - o p e r a t i v e  v a l u e .  T h i s  
c o m p a re s  w i t h  a mean i n c r e a s e  o v e r  t h e  same p e r i o d  of  0.124 kPa 
when a l l  p a t i e n t s  i n  t h e  SAB g r o u p  a r e  c o n s i d e r e d .  T h i s  
s u g g e s t s  t h a t  any e r r o r s  o c c u r r i n g  i n  t h e  ma in  p a r t  of  t h e  
s t u d y  w e re  i n s i g n i f i c a n t  and i t  i s  l i k e l y  t h a t  a d i f f e r e n t  
e l e c t r o d e ,  l e s s  a f f e c t e d  by h a l o t h a n e  was i n  u s e  f o r  m os t  of  
t h e  m a in  s t u d y .  I n d e e d  i f  t h e  r e s u l t s  f rom  t h e  10 p a t i e n t s  
p o s s i b l y  a f f e c t e d  w e re  rem oved  f rom  t h e  s t u d y ,  t h e  o v e r a l l  
e f f e c t  wou ld  be t o  i n c r e a s e  t h e  mean p o s t - o p e r a t i v e  Pa02 r a t h e r  
t h a n  d e c r e a s e  i t .  The r e s u l t s  f rom  t h e s e  p a t i e n t s  have  
t h e r e f o r e  been  r e t a i n e d .
F o l l o w i n g  p u b l i c a t i o n  o f  t h e  f i n d i n g s  w i t h  t h e  ABL1 pOg 
e l e c t r o d e  (D o u g la s ,  McKenzie ,  Led ingham e t  a l ,  1979) a 
r e p l a c e m e n t  e l e c t r o d e  was  r e c e i v e d  f rom R a d i o m e t e r  L td .  w h ich  
was u n a f f e c t e d  by h a l o t h a n e .  T h i s  e l e c t r o d e  was u s e d  f o r  t h e  
p r e s e n t  p a r t  o f  t h e  s t u d y .
[2 .93  R e s u l t s
F i g u r e  5 shows  t h e  means  ( + / -  S.E.M.) o f  a r t e r i a l  pOg and 
pCOg p r e - o p e r a t i v e l y  and  a t  i n t e r v a l s  up t o  one h o u r  p o s t -  
o p e r a t i v e l y .  There  was  a d r a m a t i c  and h i g h l y  s i g n i f i c a n t  f a l l  
(p<0.001 by p a i r e d  s t u d e n t ' s  t  t e s t )  i n  mean PaOg r e a c h i n g  t h e  
l o w e s t  mean o f  6.65 kPa s i x  m i n u t e s  a f t e r  t h e  end o f  
a n a e s t h e s i a .  The mean PaOg t h e r e a f t e r  g r a d u a l l y  i n c r e a s e d  t o  
8.5 kPa a t  t h e  end o f  one h o u r .  Mean PaCOg showed a s m a l l  
i n c r e a s e  f rom  p r e - o p e r a t i v e  v a l u e s  w h ich  was g r e a t e r  i n  t h e  
f i r s t  10 m i n u t e s  and r e d u c e d  o v e r  t h e  n e x t  20 m i n u t e s  t o  a 
s t a b l e  v a l u e  o f  a ro u n d  4.8 kPa. T h i s  i s  c o n s i s t e n t  w i t h  t h e
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known r e s p i r a t o r y  d e p r e s s a n t  c h a r a c t e r i s t i c s  o f  h a l o t h a n e  
a n a e s t h e s i a  ( D e u t s c h ,  L i n d e ,  D r i p p s  e t  a l , 1962).  At no p o i n t  
w e re  PaCOg v a l u e s  above  a c c e p t e d  n o rm a l  v a l u e s .  The p r e -  
o p e r a t i v e  PaCOg v a l u e s  w e r e  lo w ,  a s  s e e n  i n  t h e  p r e v i o u s  s tu d y .
The mean PaOg v a l u e  a t  some of t h e  s a m p l i n g  t i m e s  a r e  
d i s p l a y e d  w i t h  t h e  s c a t t e r  o f  d a t a  i n  f i g u r e  6. T h i s  r e v e a l s  
t h a t  some p a t i e n t s  had  e x t r e m e l y  low a r t e r i a l  pOg v a l u e s  w i t h  
s e v e r a l  p a t i e n t s  a c h i e v i n g  r e p e a t e d  v a l u e s  of  l e s s  t h a n  6.5 
kPa. I n  o r d e r  t o  d i s p l a y  c h a n g e s  i n  i n d i v i d u a l  p a t i e n t s ,  t h e  
raw d a t a  a r e  p r e s e n t e d  i n  t a b l e  7.
[ 2 . 1 0 ]  D i s c u s s i o n
The p r o f o u n d  h y p o x a e m ia  s e e n  i n  t h e  e a r l y  p o s t - o p e r a t i v e  
p e r i o d  i n  s e v e r a l  o f  t h e  p a t i e n t s  s t u d i e d ,  i s  o f  o b v i o u s  
c l i n i c a l  s i g n i f i c a n c e ,  a s  c o n s i d e r a b l e  a r t e r i a l  oxygen 
d e s a t u r a t i o n  w ould  be l i k e l y  t o  o c c u r  a t  t h e  v a l u e s  found .  The 
e f f e c t  was s u f f i c i e n t l y  p r o l o n g e d  i n  some p a t i e n t s  t o  be 
a l a r m i n g  i n  r e t r o s p e c t .  However ,  t h e r e  was  no c l i n i c a l  
s u s p i c i o n  t h a t  s e v e r e  h y p o x a e m ia  was  o c c u r r i n g  d e s p i t e  p a t i e n t s  
b e i n g  o b s e r v e d  c l o s e l y  and a l m o s t  c o n t i n u o u s l y  o v e r  t h e  p e r i o d  
o f  t h e  s t u d y ,  b o t h  by t h e  a u t h o r  and r e c o v e r y  n u r s i n g  s t a f f .
The r e s u l t s  w e re  n o t  c o r r e c t e d  f o r  t e m p e r a t u r e  and c l o s e l y  
e x a m in e d ,  u n t i l  a l l  t h e  t e n  p a t i e n t s  whose r e s u l t s  a r e  
p r e s e n t e d  had been  s t u d i e d .  When t h e  p a t t e r n  o f  h y p o x a e m ia  was 
t h e n  s e e n  i t  was  n o t  f e l t  j u s t i f i e d  t o  c o n t i n u e  t o  s t u d y  any 
more  p a t i e n t s  i n  t h i s  m a n n e r ,  a s  a r a i s e d  i n s p i r e d  oxygen 
c o n c e n t r a t i o n  was  o b v i o u s l y  n e c e s s a r y  i n  a t  l e a s t  50$ o f  
p a t i e n t s ,  d e s p i t e  t h e  n o r m a l  p r a c t i c e  a t  t h a t  t i m e  o f  a l l o w i n g  
p a t i e n t s  t o  b r e a t h e  room a i r  p o s t - o p e r a t i v e l y .
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The s t u d y  s i m u l a t e d  t h e  c o n d i t i o n s  w h ich  o c c u r  i f  p a t i e n t s  
a r e  t r a n s f e r r e d  d i r e c t  f rom  a n a e s t h e t i c  g a s e s  w i t h  an i n s p i r e d  
oxygen  c o n t e n t  o f  33^» t o  room a i r .  F ink  (1955) d e s c r i b e d  t h e  
o c c u r r e n c e  of h y p o x a e m ia  a f t e r  g e n e r a l  a n a e s t h e s i a  w i t h  n i t r o u s  
o x i d e  i n  oxygen.  The d e g r e e  o f  d e s a t u r a t i o n  was  w o r s t  i n  t h e  
f i r s t  5 m i n u t e s  a f t e r  t h e  p a t i e n t  was  a l l o w e d  t o  b r e a t h e  room 
a i r .  F in k  d id  n o t  n o t e  t h e  o c c u r r e n c e  o f  h y p o x a e m ia  a f t e r  10 
t o  20 m i n u t e s  i n t o  t h e  p o s t - o p e r a t i v e  p h a s e  a s  t h e  p a t i e n t s  
w e re  t h e n  g i v e n  oxygen by f a c e  mask.
Many o t h e r  a u t h o r s  have  d e s c r i b e d  t h e  o c c u r r e n c e  o f  a 
d e g r e e  o f  a r t e r i a l  h y p o x a e m ia  l a s t i n g  f o r  many h o u r s  a f t e r  
g e n e r a l  a n a e s t h e s i a .  Nunn and Payne (1952) s t u d i e d  24 h e a l t h y  
a d u l t s  u n d e r g o i n g  m i n o r  p r o c e d u r e s  u n d e r  a n a e s t h e s i a  w i t h  
v a r i o u s  v o l a t i l e  a g e n t s  w i t h  s p o n t a n e o u s  r e s p i r a t i o n  w i t h  o r  
w i t h o u t  n i t r o u s  o x id e .  The p a t i e n t s  b r e a t h e d  100^ oxygen  
b e f o r e  e x t u b a t i o n .  Mean a r t e r i a l  pOg v a l u e s  i n  t h e  f i r s t  3 
h o u r s  a f t e r  o p e r a t i o n  w e re  a r o u n d  58 mm Hg (7 .7  kPa).  The 
r a n g e  showed t h a t  t h e  l o w e s t  v a l u e s  o c c u r r e d  a t  5 m i n u t e s  a f t e r  
t h e  end o f  a n a e s t h e s i a  and t h e  l o w e s t  v a l u e  was  40 mm Hg (5.32 
kPa).  The age o f  t h e  p a t i e n t s  was  n o t  s t a t e d .
Conway and Payne (1963)  s t u d i e d  21 p a t i e n t s  h a v i n g  v a r i o u s  
p r o c e d u r e s  u n d e r  g e n e r a l  a n a e s t h e s i a  w i t h  h a l o t h a n e  i n  oxygen  
and fo u n d  a r t e r i a l  oxygen  d e s a t u r a t i o n  i n  e v e r y  p a t i e n t  when 
m e a s u r e d  b e t w e e n  1 and 2 h o u r s  a f t e r  t h e  end o f  a n a e s t h e s i a .  
C o m p a r i s o n  w i t h  t h e  p r e s e n t  a u t h o r ’s r e s u l t s  a r e  d i f f i c u l t ,  a s  
s a t u r a t i o n  v a l u e s  and n o t  p a r t i a l  p r e s s u r e s  a r e  q u o t e d .  Conway 
and Payne (1963) fo u n d  t h a t  t h e  h y p o x a e m ia  r e s p o n d e d  r e a d i l y  t o  
a r a i s e d  i n s p i r e d  oxygen  t e n s i o n .  Nunn (1965) showed a 
n e g a t i v e  c o r r e l a t i o n  b e t w e e n  age and p o s t - o p e r a t i v e  pOg.
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However ,  mos t  o f  t h e  d a t a  r e f e r s  t o  p a t i e n t s  u n d e r  70 y e a r s  o f  
age  and i s  d e r i v e d  b o th  f rom  t h e  a u t h o r ’s  r e s u l t s  and p o o le d  
d a t a  f rom  o t h e r  s e r i e s .  I t  i s  n o t e w o r t h y  t h a t  few Pa02 v a l u e s  
a r e  l e s s  t h a n  50 mm Hg (6.6 5 kPa) ,  Thus,  t h e  p r e s e n t  f i n d i n g s  
a r e  i n  l i n e  w i t h  o t h e r  s t u d i e s  a l t h o u g h  e x h i b i t i n g  a more 
s e v e r e  d e g r e e  o f  h y p o x a e m ia .  The e f f e c t s  o f  t h e  common p r a c t i c e  
o f  b r e a t h i n g  100% oxygen  f o r  2 t o  3 m i n u t e s  a t  t h e  end o f  
a n a e s t h e s i a  w e r e  n o t  s t u d i e d .  However,  i t  t h e  o p i n i o n  o f  t h e  
a u t h o r  t h a t  t h i s  p r a c t i c e  w o u ld  n o t  n e c e s s a r i l y  p r e v e n t  s e v e r e  
h y p o x a e m ia  o c c u r r i n g  when t h e  p a t i e n t  s u b s e q u e n t l y  b r e a t h e d  
room a i r .  W h e th e r  i t  i s  j u s t i f i a b l e  t o  t e s t  t h i s  h y p o t h e s i s  i s  
d o u b t f u l ,  a s  added  oxygen  i n  t h e  e a r l y  p o s t - o p e r a t i v e  p e r i o d  
w o u ld  seem e s s e n t i a l ,  i s  r e l a t i v e l y  e a s y  t o  a d m i n i s t e r  and  i s  
a l m o s t  n e v e r  c o m p l e t e l y  c o n t r a - i n d i c a t e d .
[ 2 . 1 1 ]  A e t i o l o g y  o f  P o s t - o p e r a t i v e  Hypoxaemia
T h i s  s u b j e c t  h a s  b e e n  r e v i e w e d  by S pence  and A le x a n d e r  
(1972) ,  and Bay,  Nunn and  P r y s - R o b e r t s  (1968) .  The p r e s e n t  
s t u d y  d i d  n o t  a t t e m p t  t o  e l u c i d a t e  t h e  p a r t i c u l a r  f a c t o r s  
o c c u r r i n g  i n  t h e  p a t i e n t s  s t u d i e d  b u t  a d i s c u s s i o n  o f  t h e  
p o s s i b l e  f a c t o r s  i s  o f  i n t e r e s t .  The h y p o x a e m ia  s e e n  b e a r s  a 
r e m a r k a b l e  r e s e m b l a n c e  i n  p a t t e r n  o v e r  t h e  f i r s t  10 m i n u t e s  t o  
t h a t  d e s c r i b e d  by F i n k  (1953) ,  b u t  t h e  d e g r e e  o f  h y p o x i a  was  
more  p r o f o u n d  i n  t h e  p r e s e n t  s t u d y .  F i n k ,  i n  h i s  c l a s s i c  
a c c o u n t ,  d e s c r i b e d  t h e  o c c u r r e n c e  o f  d i f f u s i o n  h y p o x i a  
o c c u r r i n g  b e c a u s e  o f  t h e  d i l u t i o n  o f  a l v e o l a r  oxygen  by t h e  
l a r g e  vo lu m e  o f  n i t r o u s  o x i d e  b e i n g  e l i m i n a t e d  i n  t h e  e a r l y  
s t a g e s  o f  r e c o v e r y  f ro m  a n a e s t h e s i a  w i t h  t h i s  a g e n t .  The 
maximum e f f e c t  s h o u l d  be o v e r  by 10 m i n u t e s  a f t e r  t h e  end  o f
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a n a e s t h e s i a .  However,  t h e  e x p l a n a t i o n  of  t h e  h y p o x a e m ia  s e e n  i n  
t h e  p r e s e n t  s t u d y  seem s  u n l i k e l y  t o  be s o l e l y  d i f f u s i o n  h y p o x i a  
( F i n k  e f f e c t ) .
The o t h e r  p o s s i b i l i t i e s  a r e :
1) H y p o v e n t i l a t i o n
2) D i f f u s i o n  d e f e c t
3) E x c e s s i v e  d e s a t u r a t i o n  o f  mixed  v e n o u s  b lo o d
4) Venous a d m i x t u r e  -  " s h u n t "
5) V e n t i l a t i o n - p e r f u s i o n  a b n o r m a l i t y
1) H y p o v e n t i l a t i o n
The mean PaCOg w h i l e  s h o w in g  a s m a l l  r i s e  i n  t h e  f i r s t  
p o s t - o p e r a t i v e  h o u r  was w e l l  w i t h i n ,  and i n d e e d  be low ,  n o rm a l  
i n  t h i s  s t u d y .  H y p o v e n t i l a t i o n  i s  t h u s  u n l i k e l y  t o  be an 
i m p o r t a n t  f a c t o r ,  a s s u m i n g  no m a j o r  r e d u c t i o n  i n  c a r b o n  d i o x i d e  
p r o d u c t i o n .
2) D i f f u s i o n  d e f e c t
A s p e c i f i c  d e f e c t  i n  oxygen  d i f f u s i o n  a c r o s s  t h e  a l v e o l a r  
membrane i n  t h e  p r e s e n c e  o f  n o r m a l  c a r b o n  d i o x i d e  d i f f u s i o n  
seem s  u n l i k e l y  and c an  be d i s c o u n t e d .
3) E x c e s s i v e  d e s a t u r a t i o n  o f  m ixed  ven o u s  b lo o d
T h i s  may be c a u s e d  by i n a d e q u a t e  oxygen d e l i v e r y  t o  t h e  
t i s s u e s  and may be due t o  a d e p r e s s e d  c a r d i a c  o u t p u t ,  o r  a 
c a r d i a c  o u t p u t  i n a d e q u a t e l y  c o m p e n s a t i n g  f o r  i n c r e a s e d  
m e t a b o l i c  demands o r  a n a e m ia .  Low c a r d i a c  o u t p u t  may be a 
f e a t u r e  i n  t h e  g r o u p  o f  p a t i e n t s  s t u d i e d ,  a s  h a l o t h a n e  i s  a 
c a r d i a c  d e p r e s s a n t  (D e u t s c h  e t  a l ,  1962). A d e g r e e  o f  a n a e m i a  
may have  b e e n  a m i n o r  f a c t o r .
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I n c r e a s e d  m e t a b o l i c  demands wou ld  o c c u r  i f  s h i v e r i n g  to o k  
p l a c e .  Bay e t  a l  (1968)  s t u d i e d  p a t i e n t s  i n  t h e  e a r l y  p o s t ­
o p e r a t i v e  p e r i o d  and f o u n d  no c o r r e l a t i o n  b e t w e e n  p r e s e n c e  or  
a b s e n c e  of  r a i s e d  oxygen  c o n s u m p t i o n  ( c a u s e d  by s h i v e r i n g )  and 
a r t e r i a l  pOg. The p a t i e n t s  i n  t h a t  s t u d y  w e re ,  ho w ev e r ,  
r e l a t i v e l y  young  and w e re  m o s t l y  a b l e  to  r a i s e  c a r d i a c  o u t p u t  
and r e s p i r a t o r y  excha nge  i n  l i n e  w i t h  m e t a b o l i c  demand.  T h i s  
may n o t  be t h e  c a s e  i n  t h e  p r e s e n t  g roup  o f  p a t i e n t s ,  b u t  
s h i v e r i n g  w as  n o t  f r e q u e n t  i n  t h e  p r e s e n t  s t u d y .
4) Venous a d m i x t u r e  ( " s h u n t " )
S h u n t i n g  i s  a t  t h e  e x t r e m e  end o f  t h e  s p e c t r u m  of 
v e n t i l a t i o n - p e r f u s i o n  a b n o r m a l i t i e s ,  w h e re  p a r t s  o f  t h e  l u n g  
a r e  p e r f u s e d  b u t  n o t  v e n t i l a t e d  r e s u l t i n g  i n  v e n o u s  a d m i x t u r e .
A good r e s p o n s e  t o  r e l a t i v e l y  low l e v e l s  of  added  i n s p i r e d  
oxygen  w o u ld  s u g g e s t  t h a t  f r a n k  s h u n t i n g  p l a y s  l i t t l e  p a r t  i n  
t h i s  s i t u a t i o n .  Some c o n f i r m a t o r y  e v i d e n c e  t h a t  t h e  h y p o x i a  
wou ld  r e s p o n d  t o  a m o d e s t  i n c r e a s e  i n  i n s p i r e d  FlOg i s  shown by 
t h e  mean i n t r a - o p e r a t i v e  PaOg v a l u e  o f  14.27 kPa ( + / -  0.74) i n  
t h e  f i r s t  25 p a t i e n t s  s t u d i e d  i n  t h e  GA g r o u p  (FlOg = 0 .33).
5) V e n t i l a t i o n - p e r f u s i o n  a b n o r m a l i t y
A d i s t u r b a n c e  i n  t h e  r a t i o s  o f  v e n t i l a t i o n  and p e r f u s i o n  
i n  t h e  l u n g s  i s  a v e r y  s t r o n g  p o s s i b i l i t y  (Nunn and Payne ,
1962; Conway and Payne ,  1963;  Bay e t  a l ,  1 968).  A le x a n d e r ,  
S p en ce ,  P a r i k h  e t  a l  (1972)  have  s u g g e s t e d  t h a t  t h e  f a l l  i n  
f u n c t i o n a l  r e s i d u a l  c a p a c i t y  w h ich  o c c u r s  u n d e r  a n a e s t h e s i a  
( H e w l e t t ,  H u la n d s ,  Nunn e t  a l ,  1974),  p e r s i s t s  i n t o  t h e  p o s t ­
o p e r a t i v e  p e r i o d  and l e a d s  t o  c l o s u r e  o f  some s m a l l  a i r w a y s  and 
h e n c e  u n d e r v e n t i l a t i o n  o f  some s e g m e n t s  o f  t h e  l u n g  w i t h  n o r m a l  
p e r f u s i o n .
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Thus,  a c o m b i n a t i o n  of  d i f f u s i o n  h y p o x ia ,  v e n t i l a t i o n -  
p e r f u s i o n  d e f e c t  and p e r h a p s  i n a d e q u a t e  c a r d i a c  o u t p u t  may 
a c c o u n t  f o r  t h e  p ro n o u n c e d  h y p o x a e m ia  o b s e r v e d  i n  t h i s  s tu d y .
[2 .1 2 ]  C o n c l u s i o n s
P a t i e n t s  w i t h  f r a c t u r e d  neck  o f  f em u r  t e n d  t o  be 
hypoxaem ic  b e f o r e  s u r g e r y  b u t  s u f f e r  no f u r t h e r  d e t e r i o r a t i o n  
i n  o x y g e n a t i o n  i n  t h e  i m m e d i a t e  p e r i - o p e r a t i v e  p e r i o d  i f  
s u r g e r y  i s  p e r f o r m e d  u n d e r  s p i n a l  a n a e s t h e s i a .  However a f t e r  
g e n e r a l  a n a e s t h e s i a ,  i f  p a t i e n t s  b r e a t h e  room a i r ,  p r o f o u n d  
h y p o x a e m ia  may o c c u r  i n  t h e  f i r s t  h o u r  and e s p e c i a l l y  i n  t h e  
f i r s t  10 m i n u t e s  a f t e r  t h e  end o f  a n a e s t h e s i a .  Thus,  t h e  
p r e s e n t  s t u d y  w o u ld  s u g g e s t  t h e  i m p o r t a n c e  o f  a b s o l u t e l y  
c o n t i n u o u s  a d m i n i s t r a t i o n  of. added  oxygen f o r  a t  l e a s t  one hou r  
a f t e r  r e p a i r  o f  f r a c t u r e d  neck  o f  f e m u r  u n d e r  g e n e r a l  
a n a e s t h e s i a ,  and d e m o n s t r a t e s  t h e  s e v e r i t y  o f  a r t e r i a l  
h y p o x a e m ia  w h ic h  m i g h t  o c c u r  i f  added  oxygen i s  n o t  g i v e n ,  
p a r t i c u l a r l y  d u r i n g  t h e  t i m e  o f  t r a n s f e r  to  t h e  r e c o v e r y  a r e a .
C o n f i r m a t i o n  o f  t h e  a e t i o l o g y  o f  t h e  h y p o x a e m ia  w ould  be 
o f  c o n s i d e r a b l e  i n t e r e s t .  On ,a p r a c t i c a l  l e v e l ,  many 
a n a e s t h e t i s t s  h a b i t u a l l y  a l l o w  p a t i e n t s  to  b r e a t h e  100% oxygen  
f o r  a v a r i a b l e  p e r i o d  b e f o r e  d i s c o n n e c t i o n  f rom  t h e  a n a e s t h e t i c  
g a s e s .  As d i s c u s s e d  a b o v e ,  i t  i s  d e b a t a b l e  w h e t h e r  i t  w ou ld  be 
w o r t h w h i l e  t o  ex a m in e  t h e  c h a n g e s  i n  PaO^ a f t e r  t h i s  p r o c e d u r e ,  
t o  d e t e r m i n e  w h e t h e r  t h e  h y p o x a e m ia  w h ich  was d e m o n s t r a t e d  i n  
t h e  p r e s e n t  s t u d y  w ou ld  be l e s s  marked .  Any such  s t u d y  wou ld  
have  t o  be c a r r i e d  o u t  w i t h  c a u t i o n  and a n a l y s i s  o f  s a m p l e s  
c a r r i e d  o u t  i m m e d i a t e l y  so t h a t  h y p o x a e m ia  d e t e c t e d  c o u l d  be 
t r e a t e d .  I t  w ou ld  be v a l u a b l e  t o  c o n f i r m  t h a t  added  oxygen  by
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c o n v e n t i o n a l  h i g h - f l o w  f a c e  mask i s  i n d e e d  e f f e c t i v e  i n  
p r e v e n t i n g  h y p o x a e m ia  i n  t h e  e a r l y  p e r i o d  a f t e r  g e n e r a l  
a n a e s t h e s i a  f o r  h i p  f r a c t u r e ,  a l t h o u g h  t h e r e  i s  l i t t l e  g ro u n d  
f o r  s u s p i c i o n  t h a t  t h i s  w ou ld  n o t  be t h e  c a s e ,  on t h e  b a s i s  o f  
c l i n i c a l  e x p e r i e n c e .
P a t i e n t s  r e q u i r i n g  p r i m a r y  h i p  p r o s t h e s i s  w e re  e x c l u d e d  
f rom t h e  p r e s e n t  s t u d i e s  as  t h e  i n s e r t i o n  o f  p r o s t h e s i s  and 
c e m en t  m i g h t  be e x p e c t e d  t o  p ro d u c e  c a r d i o - v a s c u l a r  and 
r e s p i r a t o r y  e f f e c t s ,  a s  have  been  s e e n  a f t e r  t o t a l  h i p  
r e p l a c e m e n t  (Modig and M alm berg ,  1975; Modig,  1 976). Some p i l o t  
s t u d i e s  by t h e  p r e s e n t  a u t h o r  r e v e a l e d  q u i t e  m ark e d  ch a n g e s  i n  
a r t e r i a l  o x y g e n a t i o n  a r o u n d  t h e  t i m e  of  p r o s t h e s i s  i n s e r t i o n .  
I n v e s t i g a t i o n s  o f  b lo o d  g a s  c h a n g e s  b o th  r e l a t e d  t o  me thod  o f  
a n a e s t h e s i a  and p r o s t h e s i s  i n s e r t i o n  m i g h t  be a w o r t h w h i l e  
f i e l d  o f  i n v e s t i g a t i o n .
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[ 3 . 1 ]  I n t r o d u c t i o n
At t h e  t i m e  t h a t  t h i s  s t u d y  was u n d e r t a k e n ,  t o  t h e  
a u t h o r ’s k n o w le d g e ,  t h e r e  w e re  no r e p o r t s  i n  t h e  l i t e r a t u r e  of  
t h e  c o m p a r a t i v e  e f f e c t s  o f  g e n e r a l  and s p i n a l  a n a e s t h e s i a  on 
t h e  i n c i d e n c e  o f  deep  v e n o u s  t h r o m b o s i s  (DVT). T h i s  s t u d y  was 
u n d e r t a k e n  a s  t h e r e  w as  e v i d e n c e  o f  r e d u c e d  m o r t a l i t y  i n  t h e  
SAB g ro u p  i n  t h e  i n i t i a l  p hase  o f  t h e  s t u d y  ( d e t a i l s  i n  c h a p t e r
5) .  The t i m i n g  o f  t h e  d e a t h s  s t r o n g l y  s u g g e s t e d  a d i f f e r e n c e  i n  
f r e q u e n c y  o f  t h r o m b o e m b o l i c  e v e n t s .
[ 3 .2 ] I n c i d e n c e  o f  Deep Venous  T h r o m b o s i s  (DVT) a f t e r  Hip 
F r a c t u r e
P a t i e n t s  w i t h  f r a c t u r e  o f  t h e  f e m o r a l  neck  a r e  p r o b a b l y  a t  
h i g h e s t  r i s k  o f  d e v e l o p i n g  DVT and f a t a l  p u lm o n a ry  t h r o m b o ­
e m b o l i s m  of  any g r o u p  o f  p a t i e n t s .  S e v i t t  and G a l l a g h a r ,  (1961) 
showed t h a t ,  a t  a u t o p s y ,  83% o f  p a t i e n t s  who d i e d  a f t e r  f e m o r a l  
n e c k  f r a c t u r e  had  DVT, and o f  t h e s e ,  46% showed e v i d e n c e  of  
p u lm o n a r y  t h r o m b o e m b o l i s m .  A l l  t h o s e  w i t h  p u lm o n a r y  t h r o m b o ­
e m b o l i s m  a l s o  had  DVT, b u t  many o f  t h e  p u lm o n a ry  e m b o l i  had n o t  
been  d i a g n o s e d  c l i n i c a l l y .  The i n c i d e n c e  o f  DVT r o s e  w i t h  t h e  
l e n g t h  o f  t i m e  s u r v i v e d  a f t e r  t h e  f r a c t u r e .  P a t i e n t s  who 
s u r v i v e d  l e s s  t h a n  4 d ays  had  an  i n c i d e n c e  o f  19%, a f t e r  4 t o  7 
d a y s  s u r v i v a l ,  47% had DVT and a f t e r  8 t o  14 d a y s ,  88% had DVT. 
F i e l d ,  Kakkar and  N i c o l a i des  (1972) found  a 75% i n c i d e n c e  o f  
DVT a f t e r  p e r - t r o c h a n t e r i c  f r a c t u r e  o f  t h e  f e m u r .  X a b e g ra s ,
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Gray and Ham (1978) fo u n d  DVT i n  48% o f  p a t i e n t s  n o t  g i v e n  
a n t i - c o a g u l a n t  p r o p h y l a x i s  a f t e r  f r a c t u r e d  neck  o f  f e m u r .  In  
a n o t h e r  s t u d y  M o s k o v i t z ,  E l l e n b e r g ,  F e f f e r  e t  a l  (1978)  found  
DVT i n  40% o f  p a t i e n t s  a f t e r  h i p  f r a c t u r e  w h e t h e r  t h e y  had 
r e c e i v e d  a n t i - c o a g u l a n t  p r o p h y l a x i s  o r  no t .
A s s e s s m e n t  o f  i n c i d e n c e  o f  DVT by c l i n i c a l  m e th o d s  i s  
u t t e r l y  u n r e l i a b l e  ( F l a n k ,  Kakkar  and C l a r k ,  1968) and any 
a s s e s s m e n t  m us t  be by more o b j e c t i v e  m e thods .
[3*3] A v a i l a b l e  Methods  o f  D e t e c t i o n  o f  Deep Venous  T h r o m b o s i s  
The v a l i d i t y  o f  any s t u d y  o f  DVT i n c i d e n c e  i s  c r u c i a l l y  
d e p e n d e n t  on t h e  a c c u r a c y  o f  t h e  me thod  o f  d e t e c t i o n  used .  A 
d i s c u s s i o n  o f  t h e  r e a s o n s  f o r  s e l e c t i o n  o f  v e n o g r a p h y  as  t h e  
m e thod  o f  c h o i c e  i n  t h i s  s t u d y  i s  a p p r o p r i a t e .  The u s e  of  
p u r e l y  c l i n i c a l  a s s e s s m e n t  o f  i n c i d e n c e  of  DVT i s  n o t o r i o u s l y  
i n a c c u r a t e  e x c e p t  when s i g n s  a r e  g r o s s  (M c L a c h l in ,  R i c h a r d s  and 
P a t e r s o n ,  1962).  As few a s  50% of  p a t i e n t s  w i t h  c a l f  t e n d e r n e s s  
a f t e r  o p e r a t i o n  do, i n  f a c t ,  have  DVT, and o v e r  60% o f  p a t i e n t s  
w i t h  p r o v e n  DVT have  no p h y s i c a l  s i g n s  (B row se ,  1978).
Methods  of  d e t e c t i o n  (Brow se ,  1978) i n c l u d e :  d o p p l e r  f l o w  
d e t e c t o r ;  im p e d a n c e  p l e t h y s m o g r a p h y ;  t h e r m o g r a p h y ;  f i b r i n o g e n  
u p t a k e  t e s t ;  i s o t o p e  v e n o g r a p h y  and c o n t r a s t  v e n o g ra p h y  
( p h l e b o g r a p h y ) .  F o r  s c r e e n i n g  p u r p o s e s ,  some f a l s e  p o s i t i v e  
r e s u l t s  a r e  a c c e p t a b l e .  The f i b r i n o g e n  u p t a k e  t e s t ,  d o p p l e r  
t e c h n i q u e  and im p e d a n c e  p l e t h y s m o g r a p h y  a r e  a d e q u a t e  t e c h n i q u e s  
f o r  some a p p l i c a t i o n s  b u t  B row se  c o n s i d e r e d  t h a t  t h e  " on ly  
a c c e p t a b l e  m e thod  f o r  d i a g n o s i s  o f  e x i s t i n g  t h r o m b o s i s  i s  
p h l e b o g r a p h y "  (Brow se ,  1978).
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The f i b r i n o g e n  u p t a k e  t e s t  u t i l i s e s  r a d i o a c t i v e  l a b e l l e d  
f i b r i n o g e n  w h ic h  i s  i n j e c t e d  and s u b s e q u e n t l y  i n c o r p o r a t e d  i n  
any c l o t s  w h ic h  fo rm  and can be d e t e c t e d  by n o n i n v a s i v e  
s c a n n i n g .  I t  h a s  b e e n  u s e d  w i d e l y  i n  s t u d i e s  o f  p o s t - o p e r a t i v e  
deep  v e n o u s  t h r o m b o s i s ,  b u t  i t s  u s e  i n  s t u d y i n g  t h e  t r u e  
i n c i d e n c e  o f  v en o u s  t h r o m b o s i s  a f t e r  h i p  f r a c t u r e  s u r g e r y  h a s  
been  shown by M o r r i s  and  M i t c h e l l  (1977a)  t o  y i e l d  i n a c c u r a t e  
r e s u l t s .  They com pared  r e s u l t s  o f  f i b r i n o g e n  u p t a k e  t e s t  w i t h  
p o s t - m o r t e m  d i s s e c t i o n  o f  l e g  v e i n s  i n  31 p a t i e n t s  w i t h  h i p  
f r a c t u r e s  who d i e d  d u r i n g  o r  w i t h i n  7 d a y s  o f  t h e  p e r i o d  o f  
f i b r i n o g e n  u p t a k e  t e s t s .  R e s u l t s  o f  t h e  t e s t s  i n  t h e  t h i g h  a r e a  
on t h e  s i d e  of  t h e  h i p  f r a c t u r e  p r o v e d  v a l u e l e s s  and  t h e  
c r i t e r i a  f o r  c o n f i d e n t  i s o t o p e  d i a g n o s i s  o f  v e n o u s  t h r o m b o s i s  
i n  t h e  u n i n j u r e d  t h i g h  c o u l d  n o t  be d e t e r m i n e d .  A s s e s s i n g  
u p t a k e  i n  t h e  c a l f  w as  more s u c c e s s f u l  b u t  u n d e r e s t i m a t e d  t h e  
i n c i d e n c e  o f  v e n o u s  t h r o m b o s i s  p r o v i d i n g  6 f a l s e  n e g a t i v e  
c a s e s .  They c o n c l u d e d  t h a t  w h i l e  t h e  a c c u r a c y  o f  f i b r i n o g e n  
u p t a k e  t e s t  w as  l i m i t e d  t o  t h e  l o w e r  l e g  i n  p a t i e n t s  w i t h  h i p  
f r a c t u r e s ,  t h i s  m i g h t  n o t  be a d i s a d v a n t a g e ,  a s  t h e  c a l f  v e i n s  
a r e  t h o s e  m o s t  o f t e n  a f f e c t e d  i n  t h i s  c o n d i t i o n .  (As w i l l  be 
s e e n ,  t h i s  d o e s  n o t  a g r e e  w i t h  t h e  f i n d i n g s  i n  t h e  p r e s e n t  
s t u d y  i n  whom 8 o f  t h e  24 p a t i e n t s  w i t h  DVT d i d  n o t  have  c a l f  
v e i n  t h r o m b o s i s ) .
F i e l d  e t  a l  (1972)  f o u n d  t h a t  t h e  f i b r i n o g e n  u p t a k e  t e s t  
i n  c o m p a r i s o n  w i t h  v e n o g r a p h y  had  a s i g n i f i c a n t  f a l s e  p o s i t i v e  
r a t e  o f  24% and a  f a l s e  n e g a t i v e  r a t e  o f  8%, t h u s  b e i n g  
i n a c c u r a t e  i n  32% o f  p a t i e n t s .  They f o u n d  t h a t  i t  was 
i n a c c u r a t e  i n  t h e  r e g i o n s  o f  t h e  p r o x i m a l  f e m o r a l  v e i n ,  t h e  
p e l v i c  r e g i o n  and  n e a r  t h e  wound,  and  i n  t h a t  s t u d y ,  t h r o m b i
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o f t e n  o c c u r r e d  i n  l a r g e  p r o x i m a l  v e i n s .
In  a c o m p a r i s o n  o f  t h e  f i b r i n o g e n  u p t a k e  t e s t  and 
v e n o g r a p h y  a f t e r  e l e c t i v e  h i p  r e p l a c e m e n t  s u r g e r y ,  Loudon,  
M c G a r r i t y ,  V a l l a n c e  e t  a l  (1978) fo u n d  t h a t  t h e  f i b r i n o g e n  
u p t a k e  t e s t  y i e l d e d  a f a l s e  p o s i t i v e  r a t e  of  30%. They 
c o n c l u d e d  t h a t  v e n o g ra p h y  i s  r e q u i r e d  w h e re  a c c u r a c y  i s  
p a r a m o u n t .  F o r  t h e s e  r e a s o n s  t h e  p r e s e n t  s t u d y  u s e d  v e n o g ra p h y  
e x c l u s i v e l y  i n  t h e  a s s e s s m e n t  o f  t h e  c o m p a r a t i v e  i n c i d e n c e  o f  
deep  v en o u s  t h r o m b o s i s .
P o s s i b l e  c o m p l i c a t i o n s  o f  v e n o g ra p h y  i n c l u d e  r e a c t i o n  to  
c o n t r a s t  medium, p r e c i p i t a t i o n  o f  DVT or  d i s l o d g i n g  th r o m b u s  
( C u l v e r ,  C r a w f o r d ,  G a r d i n e r  e t  a l ,  1970).  However,  Thomas 
(1971)  c o n s i d e r e d  v e n o g r a p h y  t o  be v e r y  s a f e .
[ 3 .4 ]  P a t i e n t s  and M ethods
40 p a t i e n t s ,  w e re  a l l o c a t e d  r a n d o m ly  t o  r e c e i v e  e i t h e r  
g e n e r a l  o r  s p i n a l  a n a e s t h e s i a  a s  p r e v i o u s l y  d e s c r i b e d .
T a b l e  8 o u t l i n e s  g e n e r a l  c h a r a c t e r i s t i c s  o f  t h e  p a t i e n t s  
s t u d i e d .  T he re  w e re  no s i g n i f i c a n t  d i f f e r e n c e s  i n  mean age  (by 
S t u d e n t ’s  t  t e s t )  o r  s e x  d i s t r i b u t i o n  (by F i s h e r ’s t e s t )  w i t h  
16 f e m a l e s  and 4 m a l e s  i n  t h e  GA g ro u p ,  and 14 f e m a l e s  and 6 
m a l e s  i n  t h e  SAB g roup .
T a b le  9 show s  t h e  a l l o c a t i o n  o f  o v e r a l l  and  c a r d i o ­
v a s c u l a r  " f i t n e s s "  s c o r e s  i n  t h e  same manner  a s  d e s c r i b e d  
p r e v i o u s l y  ( c h a p t e r  1), T here  w e re  no s i g n i f i c a n t  d i f f e r e n c e s  
i n  a l l o c a t i o n  o f  s c o r e s  by F i s h e r ’s  t e s t .
P a t i e n t s  u n d e r w e n t  v e n o g ra p h y  a t  7 t o  10 d ays  a f t e r  
o p e r a t i o n .  The m e th o d  was  a s  d e s c r i b e d  by Louden e t  a l  (1978),
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The p a t i e n t  was p l a c e d  on a s c r e e n i n g  t a b l e  w i t h  30® a n t i -  
T r e n d e l e n b e r g  t i l t .  A b u t t e r f l y  n e e d l e  o f  19 o r  21 gauge  was 
i n s e r t e d  p e r c u t a n e o u s l y  i n t o  a d o r s a l  v e i n  o f  t h e  f o o t .  The 
r e t r o g a d e  d i r e c t i o n  was  p r e f e r r e d .  A t o u r n i q u e t  w as  a p p l i e d  
above  t h e  a n k l e  and 50ml o f  Conray  280 was  q u i c k l y  i n j e c t e d .
The f i l l i n g  o f  t h e  deep  v e n o u s  s y s t e m  was  s c r e e n e d  and f i l m s  
t a k e n  o ve r  c a l f ,  knee  and t h i g h .  A v i d e o  t a p e  r e c o r d i n g  was  
made and a f u r t h e r  20 t o  30ml o f  c o n t r a s t  medium w e r e  o f t e n  
r e q u i r e d .  The f i l l i n g  o f  t h e  i l i a c  s y s t e m  was  d e m o n s t r a t e d  by 
c a l f  c o m p r e s s i o n  o r  by e l e v a t i o n  o f  t h e  l e g .  The same 
p r o c e d u r e  was  f o l l o w e d  i n  ea c h  l e g  and t h e  v e i n s  w e re  f l u s h e d  
w i t h  h e p a r i n i s e d  s a l i n e .  S t a t i s t i c a l  a n a l y s e s  w e r e  by S t u d e n t ’s 
t  t e s t  and F i s h e r ’s t e s t  a s  a p p r o p r i a t e .
[3 * 5 ]  R e s u l t s
T h e re  w e re  no s i g n i f i c a n t  d i f f e r e n c e s  i n  p r e - o p e r a t i v e  
mean b lo o d  u r e a  c o n c e n t r a t i o n s ,  i n t e r v a l  b e t w e e n  a d m i s s i o n  and 
s u r g e r y ,  o r  e s t i m a t e d  b lo o d  l o s s  b e t w e e n  t h e  g r o u p s  ( t a b l e  8) .  
However ,  mean l e n g t h  o f  o p e r a t i o n  was s i g n i f i c a n t l y  l o n g e r  i n  
t h e  SAB g ro u p  (93.5 m i n u t e s )  t h a n  i n  t h e  GA g r o u p  (79 m i n u t e s ) .  
The mean vo lum e o f  f l u i d  i n f u s e d  was a l s o  s i g n i f i c a n t l y  g r e a t e r  
i n  t h e  t h e  SAB g r o u p  (1300ml)  t h a n  i n  t h e  GA g r o u p  (923ml) ,
T a b l e  10 r e c o r d s  t h e  v e n o g r a p h i c  i n c i d e n c e  o f  DVT i n  e a c h  
a n a e s t h e t i c  g ro u p  w i t h  d e t a i l s  o f  i n c i d e n c e  by l a t é r a l i s a t i o n .  
The i n c i d e n c e  o f  DVT i n  t h e  SAB g ro u p  (40$) was  s i g n i f i c a n t l y  
l o w e r  t h a n  i n  t h e  GA g r o u p  ( 7 6 . 2 $ )  by F i s h e r ’ s  t e s t  ( p < 0 . 0 5 ) ,  
10$ o f  p a t i e n t s  i n  t h e  SAB g ro u p  had  u n i l a t e r a l  DVT i n  t h e  
o p p o s i t e  l e g  t o  t h a t  w i t h  t h e  f r a c t u r e .  45$ o f  p a t i e n t s  i n  t h e  
GA g ro u p  had  u n i l a t e r a l  DVT b u t  a l l  o c c u r r e d '  on t h e  same s i d e
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a s  t h e  f r a c t u r e .  B i l a t e r a l  DVT o c c u r r e d  i n  8 o f  t h e  16 p a t i e n t s  
w i t h  DVT i n  t h e  GA g r o u p  and 3 o u t  o f  8 w i t h  DVT i n  t h e  SAB 
g roup .  C l i n i c a l  e v i d e n c e  o f  DVT was  o n l y  n o t e d  i n  3 p a t i e n t s ,  
a l l  i n  t h e  SAB g r o u p .
T a b le  11 d i s p l a y s  s i t e s  of  t h r o m b i  a s  d e m o n s t r a t e d  on t h e  
v e n o g ra m s .  Many p a t i e n t s ,  o f  c o u r s e ,  had t h r o m b i  a t  more  t h a n  
one s i t e  w h ich  l e a d s  t o  t o t a l  num bers  o f  t h r o m b i  e x c e e d i n g  t h e  
number o f  p a t i e n t s  i n  t h e  s t u d y .
T a b l e  12 c o m p a r e s  mean age and l e n g t h  of  o p e r a t i o n  i n  
t h o s e  p a t i e n t s  w i t h  and  w i t h o u t  DVT w i t h  t h e  two a n a e s t h e t i c  
g r o u p s  a m a lg a m a te d .  The mean age o f  p a t i e n t s  w i t h  DVT 
( 6 9 . 7 y e a r s )  was  s i g n i f i c a n t l y  y o u n g e r  (p<0.05)  t h a n  t h a t  of  
p a t i e n t s  w i t h o u t  DVT (78.2  y e a r s ) .  The mean l e n g t h  o f  
o p e r a t i o n ,  h o w e v e r ,  was n o t  s i g n i f i c a n t l y  d i f f e r e n t .
When age and l e n g t h  o f  o p e r a t i o n  i n  each  a n a e s t h e t i c  g ro u p  
w e re  e x a m in e d  i n  p a t i e n t s  w i t h  and  w i t h o u t  DVT ( t a b l e  13), mean 
l e n g t h  o f  o p e r a t i o n  i n  t h o s e  who d e v e l o p e d  DVT was  
s i g n i f i c a n t l y  l o n g e r  i n  t h e  SAB group .
T h e re  w e re  no s i g n i f i c a n t  d i f f e r e n c e s  i n  o u tc o m e  i n  t h e  
y e a r  f o l l o w i n g  o p e r a t i o n  ( t a b l e  14).  Only two p a t i e n t s  w i t h  DVT 
d i e d  w i t h i n  one month  o f  o p e r a t i o n ,  b o th  i n  t h e  GA g r o u p  (on 
t h e  4 t h  and  9 t h  day) .  D e t a i l e d  a n a l y s i s  o f  o u tc o m e  f o r  a l l  
p a t i e n t s  s t u d i e d  f o r  t h e  t h e s i s  i s  p r e s e n t e d  l a t e r  ( c h a p t e r  5) .
[3 .63  D i s c u s s i o n
T h i s  s t u d y  d e m o n s t r a t e s  t h a t  t h e  i n c i d e n c e  o f  DVT i n  t h e  
i m m e d i a t e  p o s t - o p e r a t i v e  p e r i o d  was  76$ a f t e r  g e n e r a l  
a n a e s t h e s i a  b u t  o n ly  40$ a f t e r  s p i n a l  a n a e s t h e s i a .
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A lth o u g h  t h e  g r o u p s  w e re  w e l l  m a tc h e d  f o r  ag e ,  sex  
d i s t r i b u t i o n ,  p r e - o p e r a t i v e  f i t n e s s ,  d e l a y  b e f o r e  o p e r a t i o n  and 
i n t r a - o p e r a t i v e  b l o o d  l o s s ,  t h e  g r o u p s  w ere  n o t  i d e n t i c a l  i n  
two r e s p e c t s .  The p a t i e n t s  i n  t h e  SAB g ro u p  had  a l o n g e r  mean 
d u r a t i o n  of  o p e r a t i o n  and r e c e i v e d  s i g n i f i c a n t l y  more  f l u i d  
( t a b l e  8) .  The g r e a t e r  d u r a t i o n  o f  o p e r a t i o n  may w e l l  have  been  
due t o  t h e  e x t r a  t i m e  t a k e n  to  p e r f o r m  t h e  s p i n a l  b l o c k ,  a s  t h e  
a n a e s t h e t i c  t i m e  w as  i n c l u d e d  i n  t h e  r e c o r d e d  l e n g t h  o f  
o p e r a t i o n .  There  i s  no o t h e r  o b v i o u s  e x p l a n a t i o n  f o r  t h e  
d i f f e r e n c e  a s  o p e r a t i n g  c o n d i t i o n s  w e re  n o t  n o t i c e a b l y  
d i f f e r e n t  b e t w e e n  t h e  two g r o u p s ,  e i t h e r  s u b j e c t i v e l y ,  o r  
o b j e c t i v e l y  ( b l o o d  l o s s ) .  The g r e a t e r  vo lum e  o f  f l u i d  r e c e i v e d  
by t h e  p a t i e n t s  i n  t h e  SAB g r o u p  may be e x p l a i n e d  by t h e  common 
p r a c t i c e  of  g i v i n g  f l u i d  t o  c o u n t e r a c t  t h e  f a l l  i n  a r t e r i a l  
b l o o d  p r e s s u r e  r e s u l t i n g  f ro m  v a s o d i l a t i o n  p r o d u c e d  by s p i n a l  
a n a e s t h e s i a .
Longer  o p e r a t i o n s  m i g h t  be e x p e c t e d  t o  i n c r e a s e  t h e  r i s k  
o f  DVT f o r m a t i o n .  I n  t h o s e  p a t i e n t s  who d i d  d e v e l o p  DVT, t h e  
mean l e n g t h  o f  o p e r a t i o n  w as  s i g n i f i c a n t l y  l o n g e r  i n  t h e  SAB 
g ro u p  ( t a b l e  13) w h ic h  c o u l d  s u g g e s t  t h a t  p r o t e c t i v e  m e c h a n i s m s  
m i g h t  be o p e r a t i n g  i n  t h a t  g ro u p  o r ,  c o n v e r s e l y ,  p r e c i p i t a t i n g  
f a c t o r s  w e re  o c c u r r i n g  i n  t h e  GA group .  However,  i t  m u s t  be 
r em e m b e re d  t h a t  l e n g t h  o f  o p e r a t i o n  was  g r e a t e r  o v e r a l l  i n  t h e  
SAB g r o u p .
When t h e  tw o a n a e s t h e t i c  g r o u p s  a r e  com bined  ( t a b l e  12), 
t h e  mean age o f  t h o s e  p a t i e n t s  w i t h  DVT i s  s i g n i f i c a n t l y  l o w e r  
t h a n  t h a t  of  p a t i e n t s  w i t h o u t  DVT. T h i s  i s  d i f f i c u l t  t o  
r e c o n c i l e  w i t h  c l e a r  e v i d e n c e  s h o w in g  t h a t  DVT i n c i d e n c e  r i s e s  
w i t h  age ( S e v i t t  and  G a l l a g h a r ,  1961).
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D e s p i t e  t h e  s u b s t a n t i a l  d i f f e r e n c e  i n  i n c i d e n c e  of  DVT, 
t h e r e  w ere  no n o t i c e a b l e  d i f f e r e n c e s  i n  ou tcom e  i n  t h i s  p a r t  o f  
t h e  s t u d y  ( t a b l e  14). I t  i s  i m p o r t a n t ,  h o w e v e r ,  to  l o o k  a t  l o n g  
t e rm  o u tc o m e  i n  t h e  w h o le  t h e s i s  s t u d y  g ro u p ,  and t h i s  i s  
p r e s e n t e d  i n  c h a p t e r  5. Having  p r e s e n t e d  t h e  e v i d e n c e  t h a t  
a n a e s t h e t i c  t e c h n i q u e  seem s  t o  a f f e c t  inc idence* '  of  DVT, o t h e r  
e v i d e n c e  f rom  t h e  l i t e r a t u r e  w i l l  be ex a m in e d  and p o s s i b l e  
m e c h a n i s m s  d i s c u s s e d .  A r e v i e w  of  o t h e r  m e th o d s  o f  DVT 
p r o p h y l a x i s  a l s o  seem s  r e l e v a n t .  The o v e r a l l  c l i n i c a l  
i m p l i c a t i o n s  w i l l  be d i s c u s s e d  f u l l y  i n  c h a p t e r  5, a s  r e d u c t i o n  
of  DVT i n c i d e n c e  i s  n o t  n e c e s s a r i l y  an end  i n  i t s e l f ,  a l t h o u g h  
t h e  p a t h o - p h y s i o l o g i c a l  m e c h a n i s m s  a r e  of  g r e a t  i n t e r e s t .
[3*7] O th e r  S t u d i e s  o f  E f f e c t s  o f  A n a e s t h e s i c  T e c h n iq u e  on DVT 
I n c i d e n c e
Only one o t h e r  s t u d y  ( p u b l i s h e d  a f t e r  t h e  p r e s e n t  s t u d y  
had  been  c o m p l e t e d )  c o m p a re s  t h e  i n c i d e n c e  o f  DVT w i t h  s p i n a l  
o r  g e n e r a l  a n a e s t h e s i a  i n  p a t i e n t s  w i t h  f r a c t u r e d  neck  o f  f e m u r  
( D a v i s ,  Q u ince  and L a u r e n s o n ,  1980).  Tha t  s t u d y  u s e d  t h e  
f i b r i n o g e n  u p t a k e  t e s t  t o  a s s e s s  i n c i d e n c e  o f  DVT and t h i s  
m e th o d o lo g y  r e n d e r s  t h e  r e s u l t s  h i g h l y  q u e s t i o n a b l e ,  f o r  t h e  
r e a s o n s  d e s c r i b e d  e a r l i e r  ( c h a p t e r  3 .3 ). However,  t h e  p a t t e r n  
o f  r e s u l t s  a r e  i n  b ro a d  a g r e e m e n t  w i t h  t h e  p r e s e n t  s t u d y .  The 
i n c i d e n c e  o f  DVT i n  t h e  g e n e r a l  a n a e s t h e t i c  g r o u p  was  28 o u t  o f  
37 p a t i e n t s  ( 7 6 %) and 17 o u t  o f  37 p a t i e n t s  (46%) r e c e i v i n g  
s p i n a l  a n a e s t h e s i a ,  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  
(p<0.05) .  The t e c h n i q u e  o f  g e n e r a l  a n a e s t h e s i a  i n v o l v e d  
i n t e r m i t t e n t  p o s i t i v e  p r e s s u r e  v e n t i l a t i o n  w i t h  n i t r o u s  o x i d e ,  
o p i a t e ,  and m u s c l e  r e l a x a n t  ( p a n c u ro n i u m )  i n  a g e n e r o u s  d o se
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(mean 6mg). I t  h a s  been  s u g g e s t e d ,  b u t  n o t  p ro v e d  ( t o  t h e  
a u t h o r ’s k n o w le d g e )  t h a t  IPPV a n d / o r  m u s c l e  r e l a x a n t  d r u g s  may­
be t h e m s e l v e s  a p r e c i p i t a t i n g  f a c t o r  i n  t h e  d e v e l o p m e n t  o f  
p o s t - o p e r a t i v e  DVT (L a a k so n e n ,  A r o l a ,  H a n n e l i n  e t  a l ,  1973).
The u s e  o f  t e c h n i q u e s  of  g e n e r a l  a n a e s t h e s i a  f o r  r e p a i r  o f  
f r a c t u r e d  n e c k  o f  f e m u r  i n v o l v i n g  IPPV and m u s c l e  r e l a x a n t s  may­
be a s s o c i a t e d  w i t h  a h i g h  e a r l y  p o s t - o p e r a t i v e  m o r t a l i t y  
(M cLaren  e t  a l ,  1980; S p r e a d b u r y ,  1980).  T h i s  w i l l  be d i s c u s s e d  
i n  more d e t a i l  l a t e r .
I n  h i p  r e p l a c e m e n t  s u r g e r y ,  two s t u d i e s  p r o v i d e  e x c e l l e n t  
c o n f i r m a t o r y  e v i d e n c e  o f  t h e  c o m p a r a t i v e  e f f e c t  of  s p i n a l  o r  
e p i d u r a l  a n a e s t h e s i a  on DVT i n c i d e n c e .  T h o rb u rn ,  Louden and 
V a l l a n c e  (1980)  com pared  t h e  f r e q u e n c y  o f  DVT a f t e r  t o t a l  h i p  
r e p l a c e m e n t  i n  p a t i e n t s  r e c e i v i n g  g e n e r a l  o r  s u b a r a c h n o i d  
s p i n a l  a n a e s t h e s i a .  A l l  p a t i e n t s  r e c e i v e d  b o t h  f i b r i n o g e n  
u p t a k e  t e s t  and v e n o g r a p h y ,  DVT was  s a i d  t o  be p r e s e n t  i f  a 
p o s i t i v e  f i b r i n o g e n  u p t a k e  t e s t  was  a s s o c i a t e d  w i t h  a 
v e n o g r a p h i c  a b n o r m a l i t y .  Of 47 p a t i e n t s  r e c e i v i n g  g e n e r a l  
a n a e s t h e s i a ,  25 (53%) had  DVT, and  o f  38 p a t i e n t s  r e c e i v i n g  
s p i n a l  a n a e s t h e s i a  11 (29%) had  DVT, The s p i n a l  a n a e s t h e t i c  
g r o u p  t h e r e f o r e  had  a s i g n i f i c a n t l y  l o w e r  f r e q u e n c y  o f  DVT 
(p<0.05) .  The g e n e r a l  a n a e s t h e t i c  t e c h n i q u e  em p lo y ed  IPPV and 
m u s c l e  r e l a x a n t s  t o  p r o v i d e  s u i t a b l e  c o n d i t i o n s  f o r  t h e  
s u r g i c a l  p r o c e d u r e .  S p i n a l  a n a e s t h e s i a  p r o v i d e s  e x c e l l e n t  
m u s c l e  r e l a x a t i o n  by v i r t u e  o f  c e n t r a l  n e u r a l  b l o c k a d e  o f  m o t o r  
f i b r e s .
Modig, Borg,  K a r l s t r o m  e t  a l  (1983b) c o m p ared  t h e  
i n f l u e n c e  of  e p i d u r a l  and g e n e r a l  a n a e s t h e s i a  on t h e  i n c i d e n c e  
o f  DVT and i s o t o p i c a l l y  d e t e c t e d  p u lm o n a ry  em b o l i s m  a f t e r  t o t a l
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h i p  r e p l a c e m e n t .  In  a v e r y  c a r e f u l l y  c o n d u c t e d  s t u d y ,  b i l a t e r a l  
v e n o g r a p h y  and c h e s t  r a d i o g r a p h y  com bined  w i t h  p e r f u s i o n  l u n g  
s c a n s  w e re  p e r f o r m e d  14 days  b e f o r e  and 11 days  a f t e r  h i p  
r e p l a c e m e n t  o p e r a t i o n .  30 p a t i e n t s  r e c e i v e d  g e n e r a l  
a n a e s t h e s i a  w i t h  IPPV, o p i a t e  and  r e l a x a n t ,  and 30 r e c e i v e d  
e p i d u r a l  a n a e s t h e s i a  w h ic h  was  c o n t i n u e d  f o r  t h e  f i r s t  24 h o u r s  
p o s t - o p e r a t i v e l y .  The a u t h o r s  s u b - d i v i d e  t h e  DVT r e s u l t s  and  do 
n o t  g i v e  t o t a l  i n c i d e n c e  i n  eac h  a n a e s t h e t i c  g ro u p .  The 
i n c i d e n c e  o f  DVT was  s i g n i f i c a n t l y  l o w e r  i n  t h e  e p i d u r a l  g r o u p  
when p o p l i t e a l  and f e m o r a l  a r e a s  o r  c a l f  and t h i g h  v e i n s  w e re  
com pared .  P r e s u m a b l y ,  b r eak d o w n  o f  t h e  f i g u r e s  was  n e c e s s a r y  t o  
a c h i e v e  s t a t i s t i c a l  s i g n i f i c a n c e  a l t h o u g h  t h i s  i s  n o t  s t a t e d  by 
t h e  a u t h o r s .  S i g n i f i c a n t l y  more  p a t i e n t s  had  p o s i t i v e  p e r f u s i o n  
l u n g  s c a n  s u g g e s t i n g  p u lm o n a ry  e m b o l i s m  i n  t h e  GA g ro u p  (33%) 
t h a n  i n  t h e  e p i d u r a l  g roup  (10%).
The i n c i d e n c e  of  DVT a f t e r  open  p r o s t a t e c t o m y  u n d e r  
e p i d u r a l  or  g e n e r a l  a n a e s t h e s i a  was  com pared  by H e n d o l i n ,  
M a t t i l a  and P o i k o l a i n e n  (1981) .  21 p a t i e n t s  r e c e i v e d  g e n e r a l
a n a e s t h e s i a  w i t h  IPPV, o p i a t e  and  m u s c l e  r e l a x a n t ,  and 17 
p a t i e n t s  r e c e i v e d  e p i d u r a l  a n a e s t h e s i a  c o n t i n u e d  u n t i l  t h e  
m o r n i n g  a f t e r  o p e r a t i o n .  The f i b r i n o g e n  u p t a k e  t e s t  was  u s e d  
t o  s c r e e n  p a t i e n t s  b e f o r e  s u r g e r y ,  on t h e  day o f  o p e r a t i o n ,  and 
on 5 s u b s e q u e n t  o c c a s i o n s  up t o  t h e  7 t h  p o s t - o p e r a t i v e  day.  A 
p o s i t i v e  f i b r i n o g e n  u p t a k e  t e s t  was  an  i n d i c a t i o n  f o r  
v e n o g r a p h y .  52% o f  t h e  p a t i e n t s  i n  t h e  GA g r o u p  and 12% of  
t h o s e  i n  t h e  e p i d u r a l  g r o u p  d e v e l o p e d  t h r o m b i  d e t e c t e d  by 
f i b r i n o g e n  u p t a k e  t e s t  w i t h i n  4 days  o f  p r o s t a t e c t o m y  and  t h i s  
d i f f e r e n c e  was  s t a t i s t i c a l l y  s i g n i f i c a n t  (p<0.02) .  Venography
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was p o s i t i v e  i n  9 o f  t h e  13 p a t i e n t s  w i t h  a p o s i t i v e  f i b r i n o g e n  
u p t a k e  t e s t .  However,  a s  t h e  a u t h o r s  do n o t  s t a t e  t h e  r e l a t i v e  
d i s t r i b u t i o n  o f  p o s i t i v e  v e n o g ra m s  b e t w e e n  t h e  g r o u p s ,  some 
d o u b t  m us t  be c a s t  on t h e  v a l i d i t y  o f  t h e  c o n c l u s i o n s  d raw n  
f ro m  t h i s  s t u d y .  C l i n i c a l  s i g n s  o f  DVT w ere  o b s e r v e d  i n  6 
p a t i e n t s ,  a l l  i n  t h e  g e n e r a l  a n a e s t h e t i c  g roup .
Thus,  d e s p i t e  t h e  r e s e r v a t i o n s  e x p r e s s e d  a bove ,  t h e  
s t u d i e s  of  T h o r b u r n  e t  a l  ( 198O), Modig,  Borg,  K a r l s t r o m  e t  a l  
( 1983b) and H e n d o l i n  e t  a l  ( I 9 8 I)  a l l  show s i m i l a r  t r e n d s ,  w i t h  
a r e d u c e d  i n c i d e n c e  o f  DVT a s s o c i a t e d  w i t h  t h e  u s e  o f  s p i n a l  o r  
e p i d u r a l  a n a e s t h e s i a  i n  c o m p a r i s o n  w i t h  g e n e r a l  a n a e s t h e s i a .
The s t u d y  of  D a v i s  e t  a l  (1980)  m us t  p r o b a b l y  be d i s c o u n t e d  
b e c a u s e  o f  t h e  m e th o d o lo g y .
B e f o r e  d i s c u s s i o n  o f  t h e  p o s s i b l e  m e c h a n i s m s  by w h ich  
a n a e s t h e t i c  t e c h n i q u e  may a f f e c t  DVT, t h e  a e t i o l o g i c a l  and  r i s k  
f a c t o r s  o f  DVT w i l l  be r e v i e w e d  w i t h  p a r t i c u l a r  r e f e r e n c e  t o  
t h e  c i r c u m s t a n c e s  r e l e v a n t  t o  t h e  s u r g i c a l  and  t r a u m a  p a t i e n t .
i
[ 3 . 8 ] A e t i o l o g y  o f  Deep V e in  T h r o m b o s i s
T h ree  m a j o r  f a c t o r s  a r e  t h o u g h t  t o  be i m p l i c a t e d  i n  t h e  
p a t h o g e n e s i s  o f  deep  v e n o u s  t h r o m b o s i s  and a r e  a t t r i b u t e d  t o  
V i rch o w  ( " V i r c h o w ’s T r i a d " ) :  c h a n g e s  i n  t h e  v e s s e l  w a l l ,  
c h a n g e s  i n  b lo o d  f l o w ,  and  c h a n g e s  i n  t h e  b lo o d  ( M o r r i s  and 
M i t c h e l l ,  1977c).
1) Changes  i n  t h e  v e s s e l  w a l l
C l e a r l y ,  v e s s e l  w a l l  i n j u r y  may o c c u r  a t  t h e  t i m e  o f  t h e  
f r a c t u r e .  E n d o t h e l i a l  damage may a l s o  o c c u r  a s  a  r e s u l t  o f  
p r e s s u r e  on t h e  deep  v e i n s  o f  t h e  c a l f  m u s c l e s  w h ich  a r e  
f l a c c i d  on t h e  o p e r a t i n g  t a b l e .  D u r in g  h i p  r e p l a c e m e n t  s u r g e r y ,
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S t a m a t a k i s ,  Kakkar,  S a g a r  e t  a l  ( 1977) have  shown t h a t  v e ry  
s e v e r e  d i s t o r t i o n  o f  t h e  common f e m o r a l  v e i n  o c c u r s  a s  a r e s u l t  
o f  m a n i p u l a t i o n  of  t h e  o p e r a t i v e  l e g  and t h i s  may c a u s e  
e n d o t h e l i a l  damage w h ich  can  i n i t i a t e  t h r o m b u s  f o r m a t i o n .
2) Changes  i n  b lo o d  f l o w
a) I m m o b i l i t y  b o th  b e f o r e ,  d u r i n g  and a f t e r  s u r g e r y  w i l l  
t e n d  to  c a u s e  s l u g g i s h  v e n o u s  b lo o d  f lo w  due t o  d e p r e s s i o n  o f  
t h e  venous  pump m e chan ism  i n  t h e  l o w e r  l i m b .
b) B lood  v i s c o s i t y  c h a n g e s  i n  t h e  p e r i - o p e r a t i v e  p e r i o d  
and t h e i r  i m p o r t a n c e  i n  t h e  a e t i o l o g y  o f  DVT a r e  f u l l y  
d i s c u s s e d  i n  c h a p t e r  4.
c) Low c a r d i a c  o u t p u t  i n  t h e  u n f i t  e l d e r l y  p a t i e n t  w i l l  
a l s o  c o n t r i b u t e  to  a r e d u c e d  l i m b  b lo o d  f lo w .  A n a e s t h e s i a ,  
w h e t h e r  g e n e r a l  o r  r e g i o n a l ,  may a l s o  c a u s e  m a j o r  ch an g e s  i n  
c a r d i a c  o u t p u t  and l o w e r  l i m b  b l o o d  f l o w  ( C l a r k  and C o t t o n ,  
1968; Kemble,  1971; Modig,  M alm berg  and K a r l s t r o m ,  1980) and 
t h i s  w i l l  be d i s c u s s e d  be low .
3) Changes  i n  t h e  b lo o d
The e f f e c t s  o f  i n j u r y ,  a n a e s t h e s i a  and s u r g e r y  a r e  
e x t r e m e l y  com plex  ( B r o z o v i c ,  1977).  One r e c e n t  s t u d y  ( R i c h a r d ,  
B u l l e r ,  B o v i l l  e t  a l ,  1983) fo u n d  no ch a n g e s  i n  i n d i c e s  o f  
c o a g u l a t i o n  o r  f i b r i n o l y s i s  a f t e r  m i n o r  s u r g e r y  ( o p h t h a l m i c )  
u n d e r  e i t h e r  g e n e r a l  o r  l o c a l  a n a e s t h e s i a .  However a f t e r  m a j o r  
s u r g e r y  t h e  p i c t u r e  i s  v e r y  d i f f e r e n t ,  and t h e  e f f e c t s  o f  
a n a e s t h e s i a  and s u r g e r y  c an  be d i f f i c u l t  t o  s e p a r a t e .  The m a j o r  
c h a n g e s  hav e  been  r e v i e w e d  by B r o z o v i c  (1977) .
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-1' f :  " 7 'K
a) C l o t t i n g  f a c t o r s
F a c t o r  V I I I  l e v e l s  r i s e  w i t h i n  t h e  f i r s t  24 h o u r s  a f t e r  
o p e r a t i o n  and may r e m a i n  e l e v a t e d  f o r  many days  ( B r o z o v i c ,
1978). F a c t o r  V l e v e l s ,  w h i l e  f a l l i n g  i n i t i a l l y  a f t e r  
o p e r a t i o n ,  s u b s e q u e n t l y  r i s e  a s  a r e s u l t  o f  i n c r e a s e d  
s y n t h e s i s .
b) F i b r i n o l y t i c  " sh u td o w n "
C h a k r a b a r t i ,  H ocking  and F e a r n l e y  (1969)  showed  t h a t ,  
a f t e r  s u r g e r y ,  f i b r i n o l y t i c  s h u td o w n  o c c u r r e d  w h i c h  l a s t e d  f o r  
up t o  10 days .  B r o z o v i c  (1977) p o s t u l a t e d  i n a d e q u a t e  p r o d u c t i o n  
and r e l e a s e  of  p l a s m i n o g e n  a c t i v a t o r ,  a c c e l e r a t i o n  o f  i t s  
c l e a r a n c e  f rom t h e  c i r c u l a t i o n  and  a l s o  p o s s i b l y ,  a d e f i c i e n c y  
of  p l a s m i n o g e n  o r  e x c e s s i v e  amount o f  i n h i b i t o r s .
c) A n t i t h r o m b i n  I I I
A n t i t h r o m b i n  I I I  ( h e p a r i n  c o f a c t o r )  i s  a g l y c o p r o t e i n  
c a p a b l e  o f  i n h i b i t i n g  c o a g u l a t i o n  and  l e v e l s  hav e  been  f o u n d  t o  
be low a f t e r  s u r g e r y  f rom ^the f i r s t  t o  t h e  s i x t h  p o s t - o p e r a t i v e  
days  ( B r o z o v i c ,  1 9 7 7 ) .
d) A cu te  p h a s e  r e a c t a n t s
The "Acute  P h a s e "  r e a c t i o n  r e s u l t s  i n  a  r i s e  of  p l a s m a  
g l y c o p r o t e i n s ,  o f  w h i c h  f i b r i n o g e n  i s  p r o b a b l y  t h e  m o s t  
i m p o r t a n t  i n  t h e  p r e s e n t  c o n t e x t ,  p a r t i c u l a r l y  i n  i t s  e f f e c t s  
on v i s c o s i t y  ( s e e  c h a p t e r  4),
e)  P l a t e l e t s
P l a t e l e t  n u m b e rs  and  a d h e s i v e n e s s  a r e  i n c r e a s e d  a f t e r  
s u r g e r y  ( W r i g h t ,  1942) ,  and a g g r e g a t i o n  i s  e n h a n c e d  (Emmons and 
M i t c h e l l ,  1965).
77
[3 .93  A d d i t i o n a l  R i s k  F a c t o r s
W hi le  t r a u m a  and s u r g e r y  a r e  t h e m s e l v e s  i m p o r t a n t  r i s k  
f a c t o r s  f o r  t h e  d e v e l o p m e n t  o f  DVT, o t h e r  r i s k  f a c t o r s  have  
been  c l e a r l y  d e f i n e d .  The s u b j e c t  h a s  been  r e v i e w e d  by M o r r i s  
and M i t c h e l l  (1977©).
a) I m m o b i l i t y
I m m o b i l i t y  s eem s  t o  be a m a j o r  r i s k  f a c t o r  i n  t h e  
d e v e l o p m e n t  o f  DVT, b u t  t h e  u n d e r l y i n g  d i s e a s e  p r o c e s s  
r e q u i r i n g  bed r e s t  m u s t  a l s o  be c o n s i d e r e d .  G ibbs  (1957) i n  a 
p o s t - m o r t e m  s t u d y  of  a v a r i e t y  o f  m e d i c a l  and  s u r g i c a l  
p a t i e n t s ,  showed a r a p i d  r i s e  i n  t h e  f r e q u e n c y  o f  DVT w i t h  
l e n g t h  o f  bed r e s t  b e f o r e  d e a t h ,  f ro m  z e r o  a f t e r  2 days  i n  bed 
t o  100$ a f t e r  14 days .  S e v i t t  and  G a l l a g h a r  (1961) c o n f i r m e d  
t h e s e  f i n d i n g s  w i t h  a p o s t - m o r t e m  s t u d y  s h o w in g  DVT i n  l e s s  
t h a n  20$ o f  p a t i e n t s  c o n f i n e d  t o  bed f o r  l e s s  t h a n  4 d a y s ,  
r i s i n g  t o  a l m o s t  90$ o f  t h o s e  c o n f i n e d  t o  bed f o r  1 t o  2 weeks .
b) Age
P o s t - m o r t e m  s t u d i e s  have  shown t h a t  f r e q u e n c y  o f  DVT and 
p u lm o n a r y  em b o l i s m  i n c r e a s e s  w i t h  age  ( S e v i t t  and  G a l l a g h a r ,  
1961).  The o c c u r r e n c e  o f  DVT i n  t h e  p o s t - o p e r a t i v e  p e r i o d  h a s  
a l s o  been  shown t o  r i s e  w i t h  i n c r e a s i n g  age (K akkar ,  Howe, 
N i o o l a i d e s  e t  a l ,  1970) .  I n  a s t u d y  o f  p a t i e n t s  d y in g  a f t e r  
t r a u m a  or  b u r n s ,  S e v i t t  and  G a l l a g h a r  (1961)  showed t h a t  t h e  
i n c i d e n c e  o f  DVT d e t e c t e d  a t  p o s t - m o r t e m  r o s e  w i t h  age f rom 
a r o u n d  42$ i n  t h e  31 t o  45 age g r o u p ,  t o  o v e r  70$ i n  t h o s e  o v e r  
60 y e a r s  o f  age .  However ,  a s  n o t e d  by M o r r i s  and  M i t c h e l l  
(1 9 7 7 c ) ,  t h e  e l d e r l y  t a k e  l o n g e r  t o  r e c o v e r  f ro m  i l l n e s s  and  
t e n d  t o  be i m m o b i l i s e d  f o r  l o n g e r ,  and t h e s e  may be more 
i m p o r t a n t  f a c t o r s  t h a n  age  a l o n e .
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■c) O b e s i t y '
O b e s i t y  h a s  b e e n  shown t o  be a r i s k  f a c t o r  i n  p a t i e n t s  who 
have  u n d e rg o n e  s u r g i c a l  o p e r a t i o n s  (Coon and C o l l a r ,  1959)
d) H e a r t  D i s e a s e
P o s t - m o r t e m  s t u d i e s  h a v e  a l s o  c o n f i r m e d  t h a t  h e a r t  
d i s e a s e ,  i n  p a r t i c u l a r ,  c a r d i a c  f a i l u r e ,  i n c r e a s e s  t h e  r i s k  of  
v e n o u s  t h r o m b o e m b o l i s m  (Coon and  C o l l e r ,  1959).
e)  P r e v i o u s  e p i s o d e  o f  DVT
Kakkar  e t  a l  (1970) showed t h a t  t h e  i n c i d e n c e  of  p o s t ­
o p e r a t i v e  DVT was  s i g n i f i c a n t l y  g r e a t e r  i n  t h o s e  who had  had  a 
p r e v i o u s  e p i s o d e  e v e n  a l t h o u g h  i t  had  o c c u r r e d  some y e a r s  
p r e v i o u s l y .
f ) V a r i c o s e  v e i n s
W h i le  t h e  p r e s e n c e  o f  v a r i c o s e  v e i n s  i s  a s i g n i f i c a n t  r i s k  
f a c t o r  i n  young  p a t i e n t s ,  Kakkar  e t  a l  (1970) have  shown t h a t  
t h e i r  p r e s e n c e  had  no s i g n i f i c a n t  e f f e c t  on t h e  i n c i d e n c e  of  
t h r o m b o s i s  i n  t h o s e  o v e r  60 y e a r s  o f  age .
f )  M a l i g n a n t  d i s e a s e
M a l ig n a n c y  i s  a s i g n i f i c a n t  r i s k  f a c t o r  (Kakkar  e t  a l ,  
1970) b u t  none o f  t h e  p a t i e n t s  i n  t h e  p r e s e n t  s t u d y  was known 
t o  be s u f f e r i n g  f ro m  m a l i g n a n c y  a l t h o u g h  p a t h o l o g i c a l  f r a c t u r e  
o f  t h e  neck  o f  f e m u r  f ro m  s e c o n d a r y  t u m o u r  d e p o s i t s  i s  n o t  v e r y  
uncommon.
g) L eng th  o f  o p e r a t i o n
S o u m o la in e n ,  K e t t u n e n ,  R i s s a n e n  e t  a l  (1983)  f o u n d  a 
i n c r e a s e d  i n c i d e n c e  o f  DVT when h i p  s u r g e r y  o p e r a t i o n s  e x c e e d e d  
150 m i n u t e s .  Long o p e r a t i o n s  f o r  h i p  f r a c t u r e  may a l s o  i n c r e a s e  
m o r t a l i t y  (L o r h a n  and  S h e l b y ,  1964).
-■J
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i )  O th e r  f a c t o r s
O th e r  r i s k  f a c t o r s  such  as  p r e g n a n c y  and t h e  c o n t r a c e p t i v e  
p i l l  a r e  n o t  r e l e v a n t  t o  t h e  p r e s e n t  s t u d i e s .
[ 3.103 R i s k  f a c t o r s  i n  t h e  p r e s e n t  s t u d y
I t  was  n o t  p r a c t i c a b l e  t o  d e l i n e a t e  ea c h  r i s k  f a c t o r  i n  
t h e  p r e s e n t  s t u d y ,  b u t  w i t h  t h e  e x c e p t i o n  o f  t h o s e  f e a t u r e s  
p r e v i o u s l y  m e n t i o n e d ,  t h e  two g r o u p s  can be r e g a r d e d  a s  w e l l  
m a tch ed .  D u r a t i o n  of  i m m o b i l i t y  b e f o r e  o p e r a t i o n  ( d e l a y  b e f o r e  
s u r g e r y ) ,  l e n g t h  o f  o p e r a t i o n ,  age and c a r d i a c  s t a t u s  have  been  
e x a m in e d  and w e re  s i m i l a r  i n  b o th  g r o u p s .  However ,  i t  was  n o t  
p r a c t i c a b l e  t o  w e ig h  t h e  p a t i e n t s ,  o r  t o  r e l y  on a h i s t o r y  o f  
p r e v i o u s  DVT as  c l i n i c a l  d i a g n o s i s  i s  c o m p l e t e l y  
u n s a t i s f a c t o r y .
[ 3 . 1 1 ] M echan i sm s  o f  E f f e c t  o f  A n a e s t h e t i c  T e c h n iq u e  on DVT
1) G e n e r a l  A n a e s t h e s i a
The i n d u c t i o n  o f  g e n e r a l  a n a e s t h e s i a  h a s  b e e n  shown t o  
r e d u c e  l o w e r  l i m b  b lo o d  f l o w  s u b s t a n t i a l l y  ( C l a r k  and C o t t o n ,  
196 8 ; Kemble ,  1971).  C l a r k  and C o t t o n  m e a s u r e d  v e n o u s  b lo o d  
f l o w  by a t h e r m a l  d i l u t i o n  t e c h n i q u e  i n  t h e  p o p l i t e a l  and 
e x t e r n a l  i l i a c  v e i n s .  At b o t h  s i t e s ,  f l o w  r a t e s  w e re  r e d u c e d  by 
a t  l e a s t  50$ i m m e d i a t e l y  f o l l o w i n g  i n d u c t i o n  o f  a n a e s t h e s i a  by 
i n t r a - v e n o u s  t h i o p e n t o n e .  The f l o w  r a t e s  r e m a i n e d  low 
t h r o u g h o u t  o p e r a t i o n  u n d e r  i n h a l a t i o n a l  a n a e s t h e s i a  w i t h  
h a l o t h a n e  u n t i l  a n a e s t h e s i a  was  l i g h t e n e d  t o w a r d s  t h e  end of  
t h e  p r o c e d u r e ,  when f l o w  r a t e s  p r o g r e s s i v e l y  i n c r e a s e d  t o w a r d s  
p r e - a n a e s t h e t i c  v a l u e s .  E l e c t r i c a l  s t i m u l a t i o n  of  c a l f  m u s c l e s  
p r o d u c e d  s u b s t a n t i a l  i n c r e a s e s  i n  v en o u s  f l o w  i n  some o f  t h e  
p a t i e n t s  s t u d i e d .  The a u t h o r s  p o s t u l a t e  t h a t  t h e  i n i t i a l  r a p i d
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d e c r e a s e  of  f lo w  f o l l o w i n g  i n d u c t i o n  of  a n a e s t h e s i a  may e i t h e r  
be a r e s u l t  o f  t h e  r e d u c t i o n  i n  c a r d i a c  o u t p u t  known t o  be 
c a u s e d  by t h i o p e n t o n e ,  o r  p o s s i b l y  a r e - d i s t r i b u t i o n  o f  b lo o d  
t o  o t h e r  r e g i o n s  o f  t h e  body.  The a s s o c i a t e d  i n a c t i v i t y  o f  t h e  
c a l f  m u s c l e s  a l s o  may c o n t r i b u t e  t o  f lo w  r e d u c t i o n .  Kemble 
(1971) a l s o  found  a p e r i - o p e r a t i v e  d e c r e a s e  i n  v e n o u s  b lo o d  
f lo w  o f  a b o u t  50$ ,  u s i n g  r a d i o a c t i v e  h i p p u r a n  i n  p a t i e n t s  
u n d e r g o i n g  a v a r i e t y  o f  s u r g e r y  u n d e r  g e n e r a l  a n a e s t h e s i a .  
Venous f l o w  had  r e t u r n e d  t o  t h e  p r e - o p e r a t i v e  l e v e l  by t h e  day 
f o l l o w i n g  o p e r a t i o n .
I n t e r m i t t e n t  p o s i t i v e  p r e s s u r e  v e n t i l a t i o n  (IPPV),  by 
i n c r e a s i n g  mean i n t r a - t h o r a c i c  p r e s s u r e ,  m i g h t  be e x p e c t e d  t o  
f u r t h e r  im pede  v en o u s  r e t u r n  and i n c r e a s e  t h e  l i k e l i h o o d  of  
s t a s i s  i n  t h e  deep  v e i n s  o f  t h e  p e l v i s  and l o w e r  l i m b s .  
L a a k so n e n  e t  a l  (1973)  r a n d o m l y  a l l o c a t e d  107 p a t i e n t s  
u n d e r g o i n g  e l e c t i v e  s u r g e r y  o f  v a r i o u s  t y p e s  t o  r e c e i v e  two 
m e th o d s  o f  g e n e r a l  a n a e s t h e s i a ,  one g r o u p  w e r e  g i v e n  IPPV and 
m u s c l e  r e l a x a t i o n ,  and t h e  o t h e r  g roup  b r e a t h e d  s p o n t a n e o u s l y ,  
w i t h  i n h a l a t i o n a l  o r  r e g i o n a l  a n a e s t h e s i a .  The f i b r i n o g e n  
u p t a k e  t e s t  was em p loyed  t o  d e t e c t  p o s t - o p e r a t i v e  DVT. No 
s i g n i f i c a n t  d i f f e r e n c e  was  o b s e r v e d  o v e r a l l  b e t w e e n  t h e  t e s t  
and c o n t r o l  g r o u p s  w i t h  DVT d e t e c t e d  i n  41$ o f  p a t i e n t s  i n  each  
g roup .  The t i m e  t a k e n  f o r  s p o n t a n e o u s  l y s i s  o f  t h e  t h r o m b i  was  
s l i g h t l y  l o n g e r  i n  t h e  g r o u p  who had r e c e i v e d  m u s c l e  r e l a x a t i o n  
b u t  t h e  d i f f e r e n c e  w as  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  The 
a u t h o r s  c o n c l u d e  t h a t  t h e  m a i n t e n a n c e  o f  s p o n t a n e o u s  b r e a t h i n g  
d u r i n g  s u r g e r y  may be i m p o r t a n t  f o r  p r o p h y l a x i s  a g a i n s t  
t h r o m b o s i s  i n  t h e  e l d e r l y ,  b u t  do n o t  s u b s t a n t i a t e  t h i s  w i t h
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t h e  p r e s e n t e d  e v i d e n c e .  I n d e e d ,  t h e i r  u s e  o f  t h e  f i b r i n o g e n  
u p t a k e  t e s t  t o  d e t e c t  DVT and t h e  f a c t  t h a t  some o f  t h e  
p a t i e n t s  i n  t h e  s p o n t a n e o u s  v e n t i l a t i o n  g ro u p  r e c e i v e d  r e g i o n a l  
a n a e s t h e s i a  r e n d e r s  t h e i r  r e s u l t s  m e a n i n g l e s s .
The c a s e  a g a i n s t  I P P V / r e l a x a n t  t e c h n i q u e s  a s  r e g a r d s  
l i a b i l i t y  t o  i n c r e a s e  t h e  r i s k  o f  DVT m u s t  be r e g a r d e d ,  a t  
p r e s e n t ,  as  u n p ro v en .  However ,  t h e  u s e  of  r e l a t i v e l y  l a r g e  
d o s e s  o f  n o n - d e p o l a r i s i n g  m u s c l e  r e l a x a n t  d r u g s  i n  t h e  e l d e r l y ,  
who may n o t  h a n d l e  t h e i r  e x c r e t i o n  e f f i c i e n t l y ,  m i g h t  w e l l  be 
e x p e c t e d  t o  l e a d  t o  r e s i d u a l  p a r a l y s i s  and  h e n c e  d e l a y  r e t u r n  
o f  f u n c t i o n  o f  t h e  l o w e r  l i m b  v e n o u s  pump. The r e c e n t  
i n t r o d u c t i o n  o f  s h o r t e r  a c t i n g  n o n - d e p o l a r i s i n g  m u s c l e  
r e l a x a n t s  ( a t r a c u r i u m  and v e c u r o n i u m )  may, h o w e v e r ,  
c o n s i d e r a b l y  r e d u c e  t h e  r i s k s  o f  r e s i d u a l  p a r a l y s i s  o c c u r r i n g  
i n  t h e  e l d e r l y  ( s e e  c h a p t e r  6).
Lower l i m b  b l o o d  f l o w  i s  a l s o  a f f e c t e d  by t h e  r h e o l o g i c a l  
s t a t e  o f  t h e  b lo o d .  The e f f e c t s  o f  a n a e s t h e s i a  on b lo o d  
r h e o l o g y  a r e  d i s c u s s e d  i n  f u l l  i n  c h a p t e r  4.
G e n e r a l  a n a e s t h e t i c  a g e n t s  have  been  shown t o  e n h a n c e  
f i b r i n o l y s i s  (S im pson ,  R a d fo rd ,  F o r s t e r  e t  a l ,  1982) b u t  t h e  
e f f e c t  was  l e a s t  w i t h  h a l o t h a n e .  The i m p l i c a t i o n s  o f  t h i s  
r e m a i n  u n c l e a r .
L i c h t e n f e l d ,  S c h i f f e r  and H e l r i c h  (1979)  f o u n d  no e f f e c t  
o f  g e n e r a l  a n a e s t h e t i c  a g e n t s ,  i n c l u d i n g  n i t r o u s  o x i d e  and 
h a l o t h a n e ,  on p l a t e l e t  f u n c t i o n .  However,  Z a h a v i ,  P r i c e  and 
Kakkar  (1980)  f o u n d  e n h a n c e d  p l a t e l e t  a c t i v a t i o n  and  r e l e a s e  
a s s o c i a t e d  w i t h  h a l o t h a n e  a n a e s t h e s i a .
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2) S p i n a l / E p i d u r a l  A n a e s t h e s i a
Modig e t  a l  (1980) h a v e  u s e d  v e n o u s  o c c l u s i o n  p l e t h y s ­
mography  t o  com pare  l o w e r  l i m b  b l o o d  f lo w  i n  2 g r o u p s  o f  
p a t i e n t s  u n d e r g o i n g  t o t a l  h i p  r e p l a c e m e n t  u n d e r  g e n e r a l  
a n a e s t h e s i a  w i t h  IPPV or  e p i d u r a l  a n a e s t h e s i a  c o n t i n u e d  f o r  24 
h o u r s .  They fo u n d  t h a t  a r t e r i a l  i n - f l o w ,  v e n o u s  e m p t y i n g  r a t e  
and  v e n o u s  c a p a c i t y  w e re  a l l  h i g h e r  i n  t h e  p a t i e n t s  r e c e i v i n g  
e p i d u r a l  b lo c k .  T h i s  i m p r o v e m e n t  i n  f l o w  i n  t h e  e p i d u r a l  g ro u p  
was m o s t  p r o n o u n c e d  i m m e d i a t e l y  a f t e r  t h e  end o f  s u r g e r y  and a t  
3 h o u r s  a f t e r  o p e r a t i o n .  They c o n c l u d e d  t h a t  t h i s  h y p e r k i n e t i c  
l o w e r  l i m b  c i r c u l a t i o n  p r o v i d e d  an  u n f a v o u r a b l e  m i l i e u  f o r  t h e  
f o r m a t i o n  and t h e  p r o p a g a t i o n  o f  t h r o m b i .  The m o s t  l i k e l y  
c a u s e s  o f  t h e  i n c r e a s e  i n  l o w e r  l i m b  c i r c u l a t i o n  d u r i n g  
e p i d u r a l  a n a e s t h e s i a  a r e  t h e  s y m p a t h e t i c  b l o c k a d e  p r o d u c e d  and 
r h e o l o g i c a l  c h a n g e s  ( d i s c u s s e d  i n  c h a p t e r  4). T he re  i s  e v e r y  
r e a s o n  t o  s u s p e c t  t h a t  s p i n a l  a n a e s t h e s i a  w o u ld  p r o d u c e  t h e  
same e f f e c t s  a s  i t  w i l l  a l s o  p r o d u c e  a f a i r l y  c o m p a r a b l e  d e g r e e  
o f  s y m p a t h e t i c  b l o c k a d e  i n  t h e  l o w e r  l i m b .
Modig,  Borg ,  Bagge e t  a l  (1983a)  f o u n d  t h a t  f i b r i n o l y s i s  
i n h i b i t i o n  a c t i v i t y  was  s i g n i f i c a n t l y  l e s s  a f t e r  e p i d u r a l  
a n a e s t h e s i a  ( c o n t i n u e d  f o r  24 h o u r s )  t h a n  a f t e r  g e n e r a l  
a n a e s t h e s i a  f o r  h i p  r e p l a c e m e n t .  C o n c e n t r a t i o n  o f  p l a s m i n o g e n  
a c t i v a t o r s  i n c r e a s e d  s i g n i f i c a n t l y  a f t e r  e p i d u r a l  a n a e s t h e s i a  
b u t  n o t  a f t e r  g e n e r a l  a n a e s t h e s i a  and a t  t h e  3 r d  p o s t - o p e r a t i v e  
day p l a s m i n o g e n  a c t i v a t o r  l e v e l s  w ere  s i g n i f i c a n t l y  r e d u c e d  
f rom  p r e - a n a e s t h e t i c  l e v e l s  i n  t h e  g e n e r a l  a n a e s t h e t i c  g ro u p  
b u t  n o t  i n  t h e  e p i d u r a l  a n a e s t h e t i c  g ro u p .  Thus any t h r o m b i  
f o r m e d  i n  t h e  p a t i e n t s  w i t h  e p i d u r a l  b l o c k  w o u ld  be more  l i a b l e  
t o  be l y s e d .  Modig,  B org ,  Bagge e t  a l  (1 9 8 3 a ) ,  a l s o  showed t h a t
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a c t i v a t i o n  o f  f a c t o r  V I I I  was  s i g n i f i c a n t l y  l e s s  a f t e r  e p i d u r a l  
a n a e s t h e s i a  com pared  w i t h  g e n e r a l  a n a e s t h e s i a  f o r  t o t a l  h i p  
r e p l a c e m e n t .  S im p so n  e t  a l  (1982)  fo u n d  e n h a n c e m e n t  o f  
f i b r i n o l y s i s  a f t e r  e p i d u r a l  b l o c k  com bined  w i t h  l i g h t  g e n e r a l  
a n a e s t h e s i a  i n  p a t i e n t s  u n d e r g o i n g  h y s t e r e c t o m y .
L o c a l  a n a e s t h e t i c  a g e n t s  a r e  t h e m s e l v e s  known t o  i n h i b i t  
p l a t e l e t  a d h e s i o n  ( O 'B r i a n ,  1961) ,  p l a t e l e t  a g g r e g a t i o n  and 
r e l e a s e  ( F e i n s t e i n ,  F i e k e r s  and  F r a s e r ,  1976;  C aze nave ,  
B e n v e n i s t e  and M u s t a r d ,  1979) and  l e u c o c y t e  m i g r a t i o n  and  
a g g r e g a t i o n  (G iddon  and L i n d h e ,  1972) .  L i g n o c a i n e  g i v e n  a s  an 
i n t r a v e n o u s  i n f u s i o n  i n t r a - o p e r a t i v e l y  and f o r  6 p o s t - o p e r a t i v e  
d a y s  s i g n i f i c a n t l y  r e d u c e d  t h e  i n c i d e n c e  o f  DVT i n  c o m p a r i s o n  
w i t h  a c o n t r o l  g ro u p  g i v e n  5$ d e x t r o s e  i n  a s t u d y  o f  p a t i e n t s  
h a v i n g  h i p  r e p l a c e m e n t  s u r g e r y  (Cooke,  L loyd ,  Bowcock e t  a l ,
1 9 7 7 ) .
I t  i s  w e l l  d o c u m e n te d  t h a t  s i g n i f i c a n t  p l a s m a  l e v e l s  o f  
l o c a l  a n a e s t h e t i c  a r e  o b t a i n e d  d u r i n g  e p i d u r a l  b l o c k a d e  (Ward,
B o n i c a ,  F reu n d  e t  a l ,  1 965).  However,  t h e  e x t e n t  t o  w h ich
s u b a r a c h n o i d  l o c a l  a n a e s t h e t i c  d r u g s  a r e  a b s o r b e d  s y s t e m i c a l l y  
w as  u n i n v e s t i g a t e d  u n t i l  1979» when G i a s i ,  D’A g o s t i n o ,  and 
Covino  (1979) showed t h a t  e q u a l  a m o u n ts  o f  l i g n o c a i n e  i n j e c t e d  
i n t o  t h e  l u m b a r  s u b a r a c h n o i d  o r  e p i d u r a l  s p a c e s  p r o d u c e d  
s i m i l a r  b lo o d  l e v e l s  o f  t h e  d rug .  Much l a r g e r  d o s e s  o f  l o c a l  
a n a e s t h e t i c  a g e n t  a r e  r e q u i r e d  t o  p r o d u c e  a g i v e n  l e v e l  o f
s e n s o r y  b l o c k  v i a  t h e  e p i d u r a l  r o u t e ,  and  f o r  t h e  same l e v e l  o f
s e n s o r y  b l o c k ,  e p i d u r a l  a n a e s t h e s i a  r e s u l t s  i n  a l e s s e r  d e g r e e  
o f  s y m p a t h e t i c  b l o c k a d e .  I t  i s  n o t  known w h a t  s y s t e m i c  b lo o d  
l e v e l s  o f  c i n o h o c a i n e  ( n u p e r c a i n e )  r e s u l t  a f t e r  s u b a r a c h n o i d
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s p i n a l  a d m i n i s t r a t i o n ,  b u t  d i r e c t  o r  i n d i r e c t  e f f e c t s  o f  
s y s t e m i c a l l y  a b s o r b e d  l o c a l  a n a e s t h e t i c  a g e n t  may be a 
s i g n i f i c a n t  p a r t  o f  any p r o t e c t i v e  m echan ism .
I f ,  a s  i s  u s u a l ,  p a t i e n t s  a r e  a l l o w e d  t o  b r e a t h e  
s p o n t a n e o u s l y  d u r i n g  s u r g i c a l  p r o c e d u r e s  u n d e r  s p i n a l  o r  
e p i d u r a l  a n a e s t h e s i a  a n e g a t i v e  mean i n t r a - t h o r a c i c  p r e s s u r e  i s  
m a i n t a i n e d ,  a s s i s t i n g  v e n o u s  r e t u r n  f rom  t h e  l o w e r  l i m b s .  T h i s  
f a c t o r  w ou ld  a l s o  be p r e s e n t  i n  p a t i e n t s  u n d e r  g e n e r a l  
a n a e s t h e s i a  w i t h  s p o n t a n e o u s  v e n t i l a t i o n ,  a s  w as  t h e  c a s e  i n  
t h e  p r e s e n t  s t u d y .
A f e a t u r e  common t o  many s t u d i e s  c o m p a r in g  g e n e r a l  w i t h  
s p i n a l  o r  e p i d u r a l  a n a e s t h e s i a  i s  t h e  r e d u c e d  b l o o d  l o s s  s e e n  
w i t h  t h e  r e g i o n a l  a n a e s t h e t i c  t e c h n i q u e .  T h i s ,  i n  t u r n ,  may 
l e a d  t o  a r e d u c t i o n  i n  b lo o d  t r a n s f u s i o n  r e q u i r e m e n t s  and i t  
h a s  been  s u g g e s t e d  (Modig ,  Borg,  K a r l s t r o m  e t  a l ,  1983b) t h a t
b l o o d  t r a n s f u s i o n  may be a p r e d i s p o s i n g  f a c t o r  i n  t h e
d e v e l o p m e n t  o f  deep  v e n o u s  t h r o m b o s i s ,  p o s s i b l y  b e c a u s e  s t o r e d  
b l o o d  may c o n t a i n  i n c r e a s e d  a m o u n ts  of  p l a t e l e t  f a c t o r s  3 and 
4. The s t u d i e s  q u o t e d  above  (Modig,  Borg,  K a r l s t r o m  e t  a l ,  
1983b; H e n d o l i n  e t  a l ,  1981;  T h o r b u r n  e t  a l ,  1980) a l l  showed a 
r e d u c t i o n  i n  b lo o d  l o s s  and b l o o d  t r a n s f u s i o n  r e q u i r e m e n t  i n  
t h e  r e g i o n a l  a n a e s t h e t i c  g r o u p s  when com pared  w i t h  t h e  GA 
g r o u p s .  These  s t u d i e s  w e r e  n o t  a b l e ,  h o w e v e r ,  t o  d e m o n s t r a t e  
t h a t  t h e r e  w as  a c a u s a l  a s s o c i a t i o n  b e t w e e n  t h e  i n c r e a s e d  b l o o d  
l o s s ,  and h i g h e r  i n c i d e n c e  o f  DVT i n  t h e  GA g r o u p s  and  Modig,  
Borg ,  K a r l s t r o m  e t  a l  (1983b)  c o u l d  n o t  c o r r e l a t e  am ount o f
b l o o d  l o s s  w i t h  a p p e a r a n c e  o f  DVT.
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[ 3 . 1 2 ]  o t h e r  Methods  o f  P r o p h y l a x i s
The l i t e r a t u r e  on t h e  p r o p h y l a x i s  o f  deep  v e i n  t h r o m b o s i s  
i s  v a s t ,  and i n  many r e s p e c t s  c o n t r a d i c t o r y .  M o r r i s  and  
M i t c h e l l  ( 1976a ) ,  hav e  shown t h a t ,  d e s p i t e  t h e  e s t a b l i s h e d  h i g h  
i n c i d e n c e  o f  DVT and p u lm o n a r y  e m b o l i  i n  p a t i e n t s  w i t h  
f r a c t u r e d  n e c k  of  f e m u r ,  51$ o f  o r t h o p a e d i c  s u r g e o n s  ( a n s w e r i n g  
a q u e s t i o n n a i r e )  d i d  n o t  u s e  any fo rm o f  DVT p r o p h y l a x i s  i n  
t h i s  t y p e  o f  p a t i e n t  and  o n l y  15$ u s e d  any a i d  t o  t h e  d i a g n o s i s  
o f  v e n o u s  t h r o m b o s i s  o t h e r  t h a n  c l i n i c a l  s i g n s .
P r o p h y l a x i s  o f  deep  v e n o u s  t h r o m b o s i s  can  o f  c o u r s e  be an  
end  i n  i t s e l f ,  t o  a v o i d  p o s t - t h r o m b o t i c  s w e l l i n g  and u l c e r a t i o n  
o f  t h e  l e g  o r  t h e  much r a r e r  even t ;  o f  h e a r t  f a i l u r e  f rom 
t h r o m b o e m b o l i c  p u l m o n a r y  h y p e r t e n s i o n  ( M i t c h e l l ,  1979).
However,  M i t c h e l l  (1979) c o n s i d e r e d  t h a t  s u r v i v a l  was  t h e  o n ly  
v a l i d  end p o i n t  and i n  a s u c c i n c t  r e v i e w  o f  a l l  p r o p h y l a c t i c  
m e a s u r e s  c o n c l u d e d  t h a t  c o n v e n t i o n a l  a n t i - c o a g u l a t i o n  w i t h  
w a r f a r i n  r e m a i n e d  t h e  o n l y  r e g i m e  f o r  w h ich  a s i g n i f i c a n t  
e f f e c t  on t o t a l  m o r t a l i t y  h a s  b e e n  shown.
The l i t e r a t u r e  on DVT p r o p h y l a x i s  i s  so e x t e n s i v e  t h a t  t h e  
p r e s e n t  d i s c u s s i o n  w i l l  be c o n f i n e d  t o  t h a t  on p r o p h y l a x i s  i n  
p a t i e n t s  w i t h  f r a c t u r e d  neck  o f  f e m u r ,
a) O ra l  a n t i - c o a g u l a t i o n
S e v i t t  and G a l l a g h a r  (1959)  com pared  tw o  g r o u p s  o f  150 
p a t i e n t s  w i t h  h i p  f r a c t u r e ,  o f  w h ic h  one r e c e i v e d  p h e n i n d i o n e  
a n t i - c o a g u l a t i o n  and  t h e  o t h e r  no p r o p h y l a c t i c  t r e a t m e n t .  The 
m o r t a l i t y  r a t e  was  2 8$ i n  t h e  c o n t r o l  g r o u p  and  s i g n i f i c a n t l y  
l o w e r  a t  17$ i n  t h e  t r e a t e d  g ro u p ,  w i t h  a 3 t o  4 month  f o l l o w -  
up. C l i n i c a l  p u lm o n a r y  em b o l i s m  d i d  n o t  d e v e l o p  i n  any p a t i e n t  
on a n t i - c o a g u l a t i o n  b u t  w as  s e e n  i n  18$ o f  t h e  c o n t r o l  s e r i e s .
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83$ of p a t i e n t s  who d i e d  i n  t h e  c o n t r o l  g roup  had  DVT a t  
a u t o p s y ,  w i t h  a c o m p a r a b l e  i n c i d e n c e  of  14$ i n  t h e  t r e a t e d  
g roup .  The s t u d y ,  h o w e v e r ,  l a c k e d  an  o b j e c t i v e ,  a c c u r a t e  
a s s e s s m e n t  of  c o m p a r a t i v e  DVT i n c i d e n c e  i n  s u r v i v o r s .  M o r r i s  
and M i t c h e l l  (1976b)  f o u n d  t h a t  p a t i e n t s  r e c e i v i n g  w a r f a r i n  
a f t e r  h i p  f r a c t u r e  had  a r e d u c e d  i n c i d e n c e  o f  DVT d e t e c t e d  by 
f i b r i n o g e n  u p t a k e  t e s t  and  a t  a u t o p s y  com pared  w i t h  c o n t r o l s ,  
b u t  showed no s i g n i f i c a n t  r e d u c t i o n  i n  m o r t a l i t y  i n  t h e  t r e a t e d  
g roup .  However ,  n u m b e rs  s t u d i e d  (160) may hav e  been  
i n s u f f i c i e n t  a s  t h e r e  w as  a t r e n d  t o w a r d s  r e d u c e d  m o r t a l i t y  i n  
t h e  g ro u p  r e c e i v i n g  w a r f a r i n .  However,  H a m i l t o n ,  C r a w fo rd ,  
G a r d i n e r  e t  a l  (1970) f o u n d  no s i g n i f i c a n t  r e d u c t i o n  i n  
v e n o g r a p h i c a l l y  d e t e c t e d  DVT i n  p a t i e n t s  w i t h  h i p  f r a c t u r e  
g i v e n  p h e n i n d i o n e  a n t i c o a g u l a t i o n  com pared  w i t h  a c o n t r o l  
g r o u p .
b) Low dose  h e p a r i n
M o r r i s  and  M i t c h e l l  (1977b)  c o u l d  f i n d  no s i g n i f i c a n t  
r e d u c t i o n  i n  t h e  i n c i d e n c e  o f  DVT on f i b r i n o g e n  u p t a k e  t e s t  i n  
p a t i e n t s  w i t h  h i p  f r a c t u r e  g i v e n  low dose  h e p a r i n  when com pared  
w i t h  a c o n t r o l  g roup .  M o s k o v i t z  e t  a l  (1978)  a l s o  f o u n d  t h a t  
low dose  h e p a r i n  a f f o r d e d  no p r o t e c t i o n  a g a i n s t  t h r o m b o e m b o l i c  
e v e n t s  i n  p a t i e n t s  a f t e r  s u r g i c a l  r e p a i r  o f  h i p  f r a c t u r e .  T h i s  
i s  i n  c o n t r a s t  t o  t h e  e f f e c t i v e n e s s  o f  low d o se  h e p a r i n  
p r o p h y l a x i s  i n  g e n e r a l  s u r g i c a l  p a t i e n t s  d e m o n s t r a t e d  i n  a 
m u l t i c e n t r e  t r i a l  (K ak k a r ,  C o r r i g a n ,  and F o s s a r d ,  1975) and  i n  
p a t i e n t s  h a v i n g  h i p  r e p l a c e m e n t  s u r g e r y  (Mioskovitz e t  a l ,
1 9 7 8 ) .
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c) A n t i - p l a t e l e t  a g e n t s  ( d i p y r i d a m o l e ,  a s p i r i n ,  f l u r b i p r o f e n ) .
M o r r i s  and  M i t c h e l l  (1977b)  f a i l e d  t o  show any 
p r o p h y l a c t i c  e f f e c t  o f  t h e  above  a g e n t s  a g a i n s t  DVT a s  
e v a l u a t e d  by f i b r i n o g e n  u p t a k e  t e s t  i n  p a t i e n t s  w i t h  h i p  
f r a c t u r e .  Channon,  and W i le y  (1979)  u s i n g  v e n o g r a p h y  a l s o  
f a i l e d  t o  f i n d  any p r o p h y l a c t i c  e f f e c t  o f  a s p i r i n  i n  p a t i e n t s  
w i t h  h i p  f r a c t u r e .  However,  Snook,  C h r i s m a n  and W i l s o n  ( 1981 ) 
showed a s i g n i f i c a n t  r e d u c t i o n  i n  v e n o g r a p h i c a l l y  d e t e c t e d  DVT 
w i t h  a s p i r i n  p r o p h y l a x i s  a f t e r  f r a c t u r e d  neck  o f  f e m u r .
e) D e f i b r i n a t i n g  a g e n t s .
Lowe, Meek, C a m p b e l l  e t  a l  ( 1978) have  shown t h a t  t h e  
d e f i b r i n a t i n g  a g e n t ,  a r v i n ,  ( a n c r o d )  s i g n i f i c a n t l y  r e d u c e d  t h e  
i n c i d e n c e  o f  v e n o g r a p h i c a l l y  d e t e c t e d  DVT a f t e r  f r a c t u r e d  n e c k  
o f  f e m u r ,  by r e d u c t i o n  o f  p l a s m a  f i b r i n o g e n  and t h u s  p l a s m a  and 
b l o o d  v i s c o s i t y .
f )  D e x t r a n .
D e x t r a n  70 h a s  been  shown by Bronge ,  D a h l g r en  and 
L i n d q u i s t  (1971) t o  g i v e  a s i m i l a r  amount o f  p r o t e c t i o n  a g a i n s t  
v e n o g r a p h i c a l l y  d e t e c t e d  DVT t o  t h a t  a f f o r d e d  by d i c o u m a r o l . 
However ,  t h a t  s t u d y  d i d  n o t  h a v e  a c o n t r o l  g r o u p  w i t h  no 
p r o p h y l a x i s .  A h lb e rg ,  N y l a n d e r ,  R o b e r t s o n  e t  a l  (1967) showed  a 
s i g n i f i c a n t  r e d u c t i o n  i n  v e n o g r a p h i c a l l y  d e t e c t e d  DVT u s i n g  
d e x t r a n  p r o p h y l a x i s  i n  p a t i e n t s  w i t h  f r a c t u r e d  h i p s ,  w h i l e  a 
c o n t r o l  g ro u p  g i v e n  s t r e p t o k i n a s e  showed no s u c h  r e d u c t i o n .  
M yrvo ld ,  P e r s s o n ,  S v e n s s o n  e t  a l  ( 1973 ) ,  u s i n g  t h e  f i b r i n o g e n  
u p t a k e  t e s t ,  showed t h a t  h e p a r i n  and d e x t r a n  had  e q u a l  
p r o p h y l a c t i c  e f f e c t s  a f t e r  f r a c t u r e d  n e c k  o f  f e m u r ,  b u t  t h e y  
d i d  n o t  h a v e  a c o n t r o l  g r o u p  w i t h o u t  p r o p h y l a x i s .
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g) P h y s i c a l  m e th o d s  of  p r o p h y l a x i s .
M o r r i s  and M i t c h e l l  (1978) c o n c l u d e d  t h a t  t h e r e  w as  no 
e v i d e n c e  t h a t  p h y s i c a l  m e th o d s  o f  p r o p h y l a x i s  (e .g .  e a r l y  
a m b u l a t i o n )  had  been  shown t o  r e d u c e  t h e  f r e q u e n c y  o f  DVT 
a s s e s s e d  by o b j e c t i v e  m e th o d s .  There  do n o t  a p p e a r  t o  be any 
s t u d i e s  i n  p a t i e n t s  w i t h  h i p  f r a c t u r e  of  m e th o d s  s uch  a s  c a l f  
c o m p r e s s i o n  o r  g r a d e d  c o m p r e s i o n  w i t h  s t o c k i n g s  w h ic h  have  been  
f o u n d  e f f e c t i v e  i n  o t h e r  g r o u p s  o f  p a t i e n t s  ( N i c o l a i d e s ,  
F e r n a n d e s  and P o l l o c k ,  1980;  I s h a k  and  M or ley ,  1981).
[ 3 . 1 3 ] C o n c l u s i o n s
The p r e s e n t  s t u d y  p r o v i d e s  e v i d e n c e  t h a t  s p i n a l  
a n a e s t h e s i a  s i g n i f i c a n t l y  r e d u c e s  t h e  i n c i d e n c e  o f  DVT a f t e r  
f r a c t u r e d  n e c k  o f  f e m u r  when com pared  w i t h  g e n e r a l  a n a e s t h e s i a .  
The few  o t h e r  c o m p a r a t i v e  s t u d i e s  o f  g e n e r a l  and  r e g i o n a l  
a n a e s t h e s i a  and DVT a l l  show a l o w e r  i n c i d e n c e  o f  DVT i n  
p a t i e n t s  r e c e i v i n g  r e g i o n a l  a n a e s t h e s i a ,  b u t  a s  d i s c u s s e d ,  some 
o f  t h e  s t u d i e s  a r e  open  t o  c r i t i c i s m .
G e n e r a l  a n a e s t h e s i a  may i t s e l f  p r e c i p i t a t e  DVT by 
c o n t r i b u t i n g  t o  s t a s i s  i n  t h e  deep  v e i n s  by c a r d i a c  o u t p u t  and  
v i s c o s i t y  c h a n g e s .
S p i n a l  a n a e s t h e s i a  may p r o t e c t  a g a i n s t  DVT by i n c r e a s e d  
l o w e r  l i m b  b l o o d  f l o w ,  v i s c o s i t y  c h a n g e s  and  p o s s i b l y  by 
e f f e c t s  on b l o o d  c o a g u l a b i l i t y  and t h e  f i b r i n o l y t i c  s y s t e m  
a l t h o u g h  t h e  l a t t e r  f e a t u r e s  have  o n ly  been  shown f o r  o t h e r  
m e th o d s  o f  a d m i n i s t r a t i o n  o f  l o c a l  a n a e s t h e t i c  a g e n t s .
The c l i n i c a l  i m p o r t a n c e  o f  t h e s e  c o n c l u s i o n s  i s  e x t r e m e l y  
d i f f i c u l t  t o  a s s e s s ,  b u t  f u r t h e r  d i s c u s s i o n  and  e v i d e n c e  f o r  
e f f e c t s  on m o r t a l i t y  w i l l  be f o u n d  i n  c h a p t e r  5.
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Many u n a n s w e r e d  q u e s t i o n s  r e m a i n  i n  t h e  v a s t  a r e a  o f  deep  
v e n o u s  t h r o m b o s i s ,  p u lm o n a ry  e m b o l i s m  and t h e i r  p r e v e n t i o n .  In  
t h e  f i e l d  of  a n a e s t h e s i a ,  f u r t h e r  s t u d i e s  on t h e  e f f e c t s  of  
r e g i o n a l  a n a e s t h e s i a  a r e  needed .  I n v e s t i g a t i o n s  i n  o t h e r  g r o u p s  
o f  p a t i e n t s  a t  r i s k  and  s t u d i e s  on t h e  e f f e c t  o f  c o m b i n a t i o n  o f  
r e g i o n a l  and g e n e r a l  a n a e s t h e t i c  t e c h n i q u e s  on DVT and on 
c o m p a r a t i v e  e f f e c t s  o f  d i f f e r i n g  g e n e r a l  a n a e s t h e t i c  t e c h n i q u e s  
on th ro m b o e m b o l i s m  a r e  needed .  F u r t h e r  c l a r i f i c a t i o n  and 
c o n f i r m a t i o n  o f  t h e  m e c h a n i s m s  u n d e r l y i n g  d i f f e r e n c e s  i n  
i n c i d e n c e  o f  DVT r e l a t e d  t o  a n a e s t h e t i c  t e c h n i q u e  a r e  a l s o  
r e q u i r e d .
I n v e s t i g a t i o n s  i n  t h i s  f i e l d  a r e  d i f f i c u l t ,  t i m e  
co n s u m in g ,  f u l l  of  p i t f a l l s  and  t h e  i n t e r p r e t a t i o n  o f  r e s u l t s  
and  t h e i r  a p p l i c a t i o n  t o  c l i n i c a l  p r a c t i c e  r e q u i r e s  mos t  
c a r e f u l  and c r i t i c a l  a n a l y s i s .  These d i f f i c u l t i e s  a r e  d a u n t i n g  
b u t  t h e  p l a c e  o f  a n a e s t h e s i a  i n  r e d u c i n g  m o r b i d i t y  and 
m o r t a l i t y  f ro m  t h r o m b o - e m b o l i s m  may p ro v e  t o  be o f  c o n s i d e r a b l e  
i m p o r t a n c e .
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[4.1 ] I n t r o d u c t i o n
One of  t h e  m a j o r  f a c t o r s  w h ich  may i n f l u e n c e  b lo o d  f l o w  i n  
a r t e r i a l ,  c a p i l l a r y  and v e n o u s  s y s t e m s  i s  t h e  r h e o l o g i c a l  
p r o p e r t y  o f  b lo o d .  B lood  f l o w  i n  t h e  deep  v e i n s  o f  t h e  l e g  may 
be s i g n i f i c a n t l y  a f f e c t e d  by b l o o d  v i s c o s i t y  and  t h u s  be 
e x p e c t e d  t o  i n f l u e n c e  t h e  l i a b i l i t y  t o  deep  v e n o u s  t h r o m b o s i s ,  
Dormandy and  Ede lm an  (1973) f o u n d  t h a t  p a t i e n t s  w i t h  
e s t a b l i s h e d  DVT c o n f i r m e d  by f i b r i n o g e n  u p t a k e  t e s t  and 
p h l e b o g r a p h y  had  a h i g h e r  b l o o d  v i s c o s i t y  t h a n  n o r m a l  c o n t r o l  
s u b j e c t s .  They c a r r i e d  o u t  a  p r o s p e c t i v e  s t u d y  o f  p a t i e n t s  
u n d e r g o i n g  g e n e r a l  s u r g i c a l  o r  g y n a e c o l o g i c a l  o p e r a t i o n s  and 
a s s e s s e d  t h e  i n c i d e n c e  o f  p o s t - o p e r a t i v e  DVT by f i b r i n o g e n  
u p t a k e  t e s t  p r e - o p e r a t i v e l y  and  on t h e  1 s t ,  3 r d ,  5 t h ,  7 t h  and 
9 t h  p o s t - o p e r a t i v e  days .  Where p o s i t i v e  s c a n s  w e r e  o b t a i n e d ,  
c o n f i r m a t o r y  v e n o g r a p h y  was  p e r f o r m e d  i n  m o s t  c a s e s .  M easured  
w h o le  b lo o d  v i s c o s i t y  was  s i g n i f i c a n t l y  h i g h e r  i n  t h o s e  w i t h  
DVT t h a n  t h o s e  w i t h o u t  DVT. The a u t h o r s  c o n c l u d e d  t h a t  b lo o d  
v i s c o s i t y  a p p e a r e d  t o  o f f e r  t h e  f i r s t  p h y s i c o - c h e m i c a l  ( a s  
o p p o s e d  t o  c l i n i c a l )  p r e - d i s p o s i n g  f a c t o r  t o  h a v e  an  e x c e l l e n t  
p r e d i c t i v e  v a l u e  f o r  t h e  r i s k  o f  o c c u r r e n c e  o f  DVT. They a l s o  
p o s t u l a t e d  t h a t  d i f f e r e n c e s  i n  v i s c o s i t y  may e x p l a i n  why 
p a t i e n t s  w i t h  a p p a r e n t l y  t h e  same r i s k  f a c t o r s  do n o t  h a v e  an  
e q u a l  r i s k  o f  d e v e l o p i n g  DVT. ■ li
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Lowe e t  a l  (1978) showed t h a t  t h e  a d m i n i s t r a t i o n  of  
a n c r o d ,  a d e f i b r i n a t i n g  a g e n t ,  was  a s s o c i a t e d  w i t h  a 
s i g n i f i c a n t  r e d u c t i o n  i n  DVT a f t e r  r e p a i r  o f  f r a c t u r e d  neck  o f  
f e m u r .  DVT was d e t e c t e d  by a s c e n d i n g  v e n o g ra p h y  o r  a u t o p s y  
b e t w e e n  6 and 16 d a y s  a f t e r  s u r g e r y .  The i n c i d e n c e  of  DVT i n  
t h e  c o n t r o l  g ro u p  o f  52 p a t i e n t s  was  73$ com pared  w i t h  45$ o f  
t h e  53 p a t i e n t s  who r e c e i v e d  a n c ro d .  Ancrod r e d u c e s  l e v e l s  of  
p l a s m a  f i b r i n o g e n ,  one o f  t h e  m a j o r  d e t e r m i n a n t s  o f  b lo o d  
v i s c o s i t y .  Mean b lo o d  v i s c o s i t y  f e l l  by 8$ i n  t h e  c o n t r o l  
p a t i e n t s  and 23$ i n  t h e  a n c r o d  t r e a t e d  p a t i e n t s  and  t h e  
d i f f e r e n c e  was  s t a t i s t i c a l l y  s i g n i f i c a n t  (p<0.01) .  H a e m a t o c r i t  
had  f a l l e n  by 15$ i n  b o th  g r o u p s  and when t h i s  e f f e c t  was 
e l i m i n a t e d  by a c o r r e c t i o n  nomogram, mean b l o o d  v i s c o s i t y  r o s e  
p o s t - o p e r a t i v e l y  i n  c o n t r o l  p a t i e n t s  b u t  was  r e d u c e d  by 10$ 
d u r i n g  a n c r o d  t r e a t m e n t  (p<0.01) .  Thus t h e  d e l i b e r a t e  r e d u c t i o n  
o f  b lo o d  v i s c o s i t y  i n  p a t i e n t s  w i t h  f r a c t u r e d  neck  o f  f e m u r  was 
a s s o c i a t e d  w i t h  a s i g n i f i c a n t  r e d u c t i o n  i n  deep  v e n o u s  
t h r o m b o s i s .  The r e d u c t i o n  o f  DVT a c h i e v e d  i n  t h a t  s t u d y  (Lowe 
e t  a l ,  1978) was o f  a s i m i l a r  o r d e r  t o  t h a t  a c h i e v e d  i n  t h e  
p r e s e n t  a u t h o r ’s s t u d y  i n  f r a c t u r e d  neck  o f  f e m u r  w h e re  
d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  w e re  i n  a n a e s t h e t i c  t e c h n i q u e  
em ployed .
B e f o r e  t h e  s t u d y  p r e s e n t e d  h e r e ,  t h e r e  d i d  n o t  seem t o  be 
any i n f o r m a t i o n  i n  t h e  l i t e r a t u r e  a b o u t  c o m p a r a t i v e  e f f e c t s  o f  
g e n e r a l  and r e g i o n a l  a n a e s t h e s i a  on b lo o d  v i s c o s i t y ,  a l t h o u g h  
t h e r e  a r e  some s c a n t  and c o n f l i c t i n g  d a t a  a b o u t  t h e  e f f e c t s  o f  
g e n e r a l  a n a e s t h e s i a  on b lo o d  r h e o l o g y .
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[ 4 . 2 ]  M e as u rem e n t  o f  B lood  V i s c o s i t y
Whole b lo o d  d oes  n o t  b e h a v e  i n  a " N e w t o n ia n ” f a s h i o n  and  
v i s c o s i t y  v a r i e s  w i t h  f l o w  r a t e  ( R e p l o g l e ,  M e is e lm a n d  and
M e r r i l l ,  1967).  The t e rm  " s h e a r  r a t e "  i m p l i e s  t h a t  f l u i d  moves 
i n  a m anner  s i m i l a r  t o  p l a i n s  o f  l i q u i d  s l i d i n g  p a s t  one 
a n o t h e r  a t  a r e l a t i v e  v e l o c i t y  t e r m e d  " s h e a r  r a t e "  and e x e r t i n g  
a f o r c e  on ea c h  o t h e r ,  " s h e a r  s t r e s s " .  Whole b l o o d  t e n d s  t o  
d i s p l a y  i n c r e a s i n g  v i s c o s i t y  w i t h  r e d u c i n g  s h e a r  r a t e .  At v e r y  
low v e l o c i t y  g r a d i e n t s  t h e r e  i s  i n t e n s e  a g g r e g a t i o n  and 
R o u le aux  f o r m a t i o n  b e t w e e n  r e d  b l o o d  c e l l s  w i t h  r e s u l t i n g  h i g h  
v i s c o s i t y .  R e p l o g l e  e t  a l  (1967)  h a v e  o u t l i n e d  t h e  a p p r o x i m a t e  
r a n g e  of  s h e a r  r a t e s  r e l e v a n t  t o  f l o w  c o n d i t i o n s  f o u n d  i n  t h e  
c i r c u l a t i o n .  They c o n s i d e r e d  t h a t  t h e  r a n g e  r e l e v a n t  t o  
a r t e r i a l  and v e n o u s  f l o w  i s  som ew ha t  g r e a t e r  t h a n  100 s e c “  ^ and 
s h e a r  r a t e s  r e l e v a n t  t o  c a p i l l a r y  f l o w  a r e  i n  t h e  r a n g e  0.01 t o  
100 s e c ” "'. Thus,  i n  t h e  p r e s e n t  s t u d y  t h e  h i g h e r  s h e a r  r a t e  
(94.5 s e c ” ^) w i l l  a p p r o x i m a t e  t o  a r t e r i a l  and  v e n o u s  f l o w ,  and  
t h e  l o w e r  s h e a r  r a t e  (0.94 s e c “ ^) t o  f l o w  i n  t h e  m i c r o ­
c i r c u l a t i o n .  However ,  f l o w  v a r i e s  f ro m  v e r y  low l e v e l s  a t ,  o r
n e a r ,  t h e  w a l l  o f  a  v e s s e l ,  r i s i n g  a s  t h e  t h e  c e n t r e  of  t h e  
v e s s e l  i s  a p p r o a c h e d  p r o v i d e d  t h a t  f l o w  i s  l a m i n a r .
The p r e s e n t  s t u d y  c o m p a r e s  t h e  e f f e c t s  o f  s p i n a l  and 
g e n e r a l  a n a e s t h e s i a  on w h o le  b l o o d  v i s c o s i t y  and  i t s  m a j o r  
d e t e r m i n a n t s :  h a e m a t o c r i t ,  p l a s m a  f i b r i n o g e n ,  and r e d  c e l l  
d e f o r m a b i l i t y .
[ 4 .3 ]  P a t i e n t s  and  M ethods
20 p a t i e n t s  w e r e  a l l o c a t e d  r a n d o m l y  t o  t h e  SAB o r  GA 
g r o u p s  as  p r e v i o u s l y  d e s c r i b e d .  None o f  t h e  p a t i e n t s  w as  t a k i n g
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any m e d i c a t i o n  known t o  i n t e r f e r e  w i t h  c o a g u l a t i o n .  Venous 
b lo o d  s a m p l e s  w e r e  w i t h d r a w n  on a r r i v a l  i n  t h e  r e c e p t i o n  a r e a ,  
40 m i n u t e s  a f t e r  i n d u c t i o n  o f  a n a e s t h e s i a ,  and  2 h o u r s  a f t e r  
t h e  end  o f  t h e  s u r g i c a l  p r o c e d u r e .  The s a m p l e s  w e r e  a n t i ­
c o a g u l a t e d  w i t h  E.D.T.A. ( 1 m g/m l)  and m e a s u r e m e n t s  o f  
v i s c o s i t y ,  r e d  c e l l  d e f o r m a b i l i t y  and h a e m a t o c r i t  w e re  made.  
C i t r a t e d  b lo o d  was u s e d  f o r  p l a s m a  f i b r i n o g e n  e s t i m a t i o n s .  I t  
was  o n l y  p o s s i b l e  t o  make v i s c o s i t y  m e a s u r e m e n t s  on s a m p l e s  
f ro m  8 p a t i e n t s  i n  e a c h  g roup  b u t  a l l  o t h e r  m e a s u r e m e n t s  w ere  
made on a l l  20 p a t i e n t s .
Whole b lo o d  v i s c o s i t y  was  m e a s u r e d  a t  37®C u s i n g  a 
C o n t r a v e s  LS30 r o t a t i o n a l  v i s c o m e t e r  a t  h i g h  (94.5 sec*"**) and 
low (0,94  s e c ” ^) s h e a r  r a t e s .  I n  o r d e r  t o  o b s e r v e  t h e  e f f e c t s  
o f  v a r i a b l e s  o t h e r  t h a n  h a e m a t o c r i t ,  t h e  v i s c o s i t y  r e s u l t s  w e re  
" c o r r e c t e d "  t o  a s t a n d a r d  h a e m a t o c r i t  o f  0.45 u s i n g  a 
r e g r e s s i o n  e q u a t i o n  f ro m  a p o p u l a t i o n  s t u d y  (Dormandy,  197 0). 
H a e m a t o c r i t  m e a s u r e m e n t s  w e r e  made w i t h  a H aw ksley  m i c r o -  
h a e m a t o c r i t  c e n t r i f u g e  s p i n n i n g  a t  13 ,0000 f o r  5 m i n u t e s .
P l a s m a  f i b r i n o g e n  was  m e a s u r e d  i n  c i t r a t e d  p l a s m a  by a 
t h r o m b i n  t i m e  m e thod  u s i n g  a Dade f i b r o m e t e r  and  s t a n d a r d s  
( C l a u s s ,  1 9 5 7 ) .
T h e re  i s  no g e n e r a l l y  a c c e p t e d  m e thod  f o r  a s s e s s i n g  r e d  
c e l l  d e f o r m a b i l i t y  b u t  f i l t r a t i o n  t e c h n i q u e s  a r e  m o s t  commonly 
u s e d  a t  p r e s e n t  (Dodds,  M a t t h e w s ,  B a i l e y  e t  a l ,  1980).
Red c e l l  d e f o r m a b i l i t y  w as  e s t i m a t e d  by a m e th o d  d e s c r i b e d  
by Re id ,  B a r n e s ,  Lock e t  a l  (1976) and  m o d i f i e d  by Drummond, 
Lowe, B e l c h  e t  a l  (1980) .  The f l o w  o f  w h o le  b lo o d  t h r o u g h  a 5 
m i c r o n  n u c l e o p o r e  f i l t e r  was  m e a s u r e d .  The p r o d u c t  of  t h i s  
v o lum e  and  t h e  h a e m a t o c r i t  gave  t h e  vo lum e o f  r e d  c e l l s
9 4
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f i l t e r e d  p e r  m i n u t e ,  w h ich  i s  t h o u g h t  t o  be p r o p o r t i o n a l  t o  t h e  
d e f o r m a b i l i t y  o f  r e d  c e l l s .  The f l o w  r a t e  o f  r e d  c e l l s  t h r o u g h  
t h i s  f i l t e r  i s  d e p e n d a n t  on t h e i r  a b i l i t y  t o  de fo rm  i n  a manner  
a k i n  t o  t h a t  w h ic h  h a s  been  shown to  o c c u r  i n  t h e  c a p i l l a r y  
bed .
S t a t i s t i c a l  a n a l y s i s  was  by p a i r e d  and u n p a i r e d  s t u d e n t  
’ t ’ t e s t  a s  a p p r o p r i a t e .
[ 4 . 4 ]  R e s u l t s
T a b le  15 shows g e n e r a l  d e t a i l s  o f  p a t i e n t s  s t u d i e d .  
P a t i e n t s  w e re  m a tc h e d  f o r  s e x  d i s t r i b u t i o n ,  w i t h  6 f e m a l e s  and 
4 m a l e s  i n  eac h  g roup .  T here  w e r e  no s i g n i f i c a n t  d i f f e r e n c e s  i n  
mean age ,  e s t i m a t e d  b l o o d  l o s s  o r  maximum f a l l s  i n  s y s t o l i c  
a r t e r i a l  p r e s s u r e s  b e t w e e n  t h e  g ro u p s .  However t h e  mean vo lum e  
o f  f l u i d  a d m i n i s t e r e d  t o  t h e  SAB g roup  was a l m o s t  d o u b le  t h a t  
g i v e n  t o  t h e  GA g ro u p  f o r  r e a s o n s  a l r e a d y  d i s c u s s e d  i n  c h a p t e r  
3.
[ 4 . 5 ]  V i s c o s i t y
F i g u r e s  7 and 8 show c h a n g e s  i n  b lo o d  v i s c o s i t y  
( c e n t i p o i s e )  i n  t h e  i m m e d i a t e  p e r i - o p e n a t i v e  p e r i o d .  F i g u r e  7 
shows t h e  v i s c o s i t y  m e a s u r e d  a t  low s h e a r  r a t e  (0.94  s e c ” **). 
The f i g u r e s  h e a d e d  " u n c o r r e c t e d "  d e m o n s t r a t e  v i s c o s i t y  c h a n g e s  
a s  a c t u a l l y  m e a s u r e d ,  w h i l e  t h e  r i g h t  hand  s e c t i o n  of  t h e  
f i g u r e s  d i s p l a y s  t h e  m e a s u r e m e n t s  " c o r r e c t e d "  t o  a s t a n d a r d  
h a e m a t o c r i t  o f  0.45.  F i g u r e  8 d e m o n s t r a t e s  t h e  same d a t a  
m e a s u r e d  a t  a h i g h  s h e a r  r a t e  (94.5 sec"***). T a b l e s  16 and 17 
d i s p l a y  more  d e t a i l e d  r e s u l t s .  C o r r e c t e d  and u n c o r r e c t e d  
m e a s u r e m e n t s  a r e  b e s t  d i s c u s s e d  s e p a r a t e l y .
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a) U n c o r r e c t e d  v i s c o s i t y .
P r e - o p e r a t i v e l y  t h e r e  w e r e  no s i g n i f i c a n t  d i f f e r e n c e s  i n  
mean v i s c o s i t y .  However mean v i s c o s i t y  was s i g n i f i c a n t l y  l o w e r  
i n  t h e  SAB g r o u p  i n  c o m p a r i s o n  w i t h  t h e  GA g r o u p  (p<0.05) b o th  
i n t r a - o p e r a t i v e l y  and p o s t - o p e r a t i v e l y  a t  b o th  s h e a r  r a t e s .
I n  t h e  SAB g ro u p ,  a t  b o th  s h e a r  r a t e s ,  mean v i s c o s i t y  had 
f a l l e n  s i g n i f i c a n t l y  f rom  p r e - o p e r a t i v e  v a l u e s  by t h e  t i m e  o f  
t h e  i n t r a - o p e r a t i v e  s a m p l e  (p<0 .01) ,  and t h e  e f f e c t  p e r s i s t e d  
p o s t - o p e r a t i v e l y .  There  w e re  no ch a n g e s  i n  u n c o n n e c t e d  
v i s c o s i t y  i n  t h e  GA g roup .
b) C o r r e c t e d  v i s c o s i t y .
At b o th  s h e a r  r a t e s  t h e  mean p o s t - o p e r a t i v e  " c o r r e c t e d "  
v i s c o s i t y  was  s i g n i f i c a n t l y  h i g h e r  i n  t h e  GA g ro u p  com pared  
w i t h  t h e  SAB g ro u p  (p<0,02) .  Mean i n t r a - o p e r a t i v e  and p o s t ­
o p e r a t i v e  v i s c o s i t y  had r i s e n  s i g n i f i c a n t l y  f rom  p r e - o p e r a t i v e  
v a l u e s  i n  t h e  GA g r o u p  a t  b o th  s h e a r  r a t e s .  I n  t h e  SAB g ro u p ,  
" c o r r e c t e d "  v i s c o s i t y  v a l u e s  d i d  n o t  change  s i g n i f i c a n t l y  
a l t h o u g h  t h e r e  was  a t r e n d  t o w a r d s  a f a l l  i n  v i s c o s i t y  a t  h i g h  
s h e a r  r a t e s .
[ 4 .6 ]  D e t e r m i n a n t s  o f  V i s c o s i t y
a) H a e m a t o c r i t .
Mean h a e m a t o c r i t  m e a s u r e m e n t s  i n  each  a n a e s t h e t i c  g ro u p ,  
b e f o r e ,  d u r i n g  and a f t e r  s u r g e r y  a r e  shown i n  t a b l e  18. Mean 
p r e - o p e r a t i v e  h a e m a t o c r i t  v a l u e s  w e re  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  b e t w e e n  t h e  g r o u p s  and t h e r e  was no s i g n i f i c a n t  
change  i n  h a e m a t o c r i t  d u r i n g  o r  a f t e r  s u r g e r y  i n  t h e  GA g ro u p .  
However ,  mean h a e m a t o c r i t  f e l l  s i g n i f i c a n t l y  i n  t h e  SAB g ro u p  
( p < 0 . 0 5 ) .
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b) P l a s m a  f i b r i n o g e n .
Mean p l a s m a  f i b r i n o g e n  l e v e l s  a r e  shown i n  t a b l e  19.
T here  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  a t  any 
o f  t h e  m e a s u r e m e n t  t i m e s .
c) Red c e l l  d e f o r m a b i l i t y .
Red c e l l  d e f o r m a b i l i t y  e x p r e s s e d  a s  vo lum e  o f  r e d  c e l l s  
f i l t e r e d  p e r  m i n u t e  i s  d i s p l a y e d  i n  f i g u r e  9 and  t a b l e  20.
D e f o r m a b i l i t y  was  s i g n i f i c a n t l y  i n c r e a s e d  (p<0.02)  i n  t h e  SAB 
g ro u p  i n t r a - o p e r a t i v e l y  r e t u r n i n g  t o  p r e - o p e r a t i v e  l e v e l s  by 
t h e  t i m e  o f  t h e  p o s t - o p e r a t i v e  s a m p l e .  In c o n t r a s t  d e f o r m -  
a b i l i t y  was s i g n i f i c a n t l y  r e d u c e d  f rom  p r e - o p e r a t i v e  v a l u e s  i n  
t h e  GA g ro u p  (p<0.02) b o th  d u r i n g  and  a f t e r  s u r g e r y .  V a l u e s  
r e m a i n e d  s i g n i f i c a n t l y  d i f f e r e n t  p o s t - o p e r a t i v e l y  (p<0.05).
[ 4 . 7  3 D i s c u s s i o n
M easu red  w h o le  b lo o d  v i s c o s i t y  f e l l  s i g n i f i c a n t l y  a f t e r  
s p i n a l  a n a e s t h e s i a  and  t h e  e f f e c t  p e r s i s t e d  i n t o  t h e  p o s t ^  
o p e r a t i v e  p e r i o d .  No c h a n g e s  i n  m e a s u r e d  v i s c o s i t y  w ere  s e e n  i n  
t h e  GA g r o u p .
U n q u e s t i o n a b l y ,  t h e  c h a n g e s  w e re  m a i n l y  t h e  r e s u l t  of  
r e d u c t i o n  i n  h a e m a t o c r i t .  However  when t h i s  e f f e c t  i s  
e l i m i n a t e d  t h e r e  r e m a i n s  a s i g n i f i c a n t  d i f f e r e n c e  i n  v i s c o s i t y  
b e t w e e n  t h e  g r o u p s  a t  t h e  t i m e  o f  t h e  p o s t - o p e r a t i v e  s a m p l e .  As 
p l a s m a  f i b r i n o g e n  l e v e l s  w e re  unchange d ,  t h e  d i f f e r e n c e  i n  
v i s c o s i t y  i s  a l m o s t  c e r t a i n l y  e x p l a i n e d  by t h e  c h a n g e s  i n  r e d  
c e l l  d e f o r m a b i l i t y .  A l th o u g h  t h e s e  c h a n g e s  i n  d e f o r m a b i l i t y  
w e r e  m o s t  m ark e d  i n t r a - o p e r a t i v e l y ,  d e f o r m a b i l i t y  r e m a i n e d  
s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  t h e  g r o u p s  p o s t - o p e r a t i v e l y .
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The i n c r e a s e d  d e f o r m a b i l i t y  may w e l l  have  been  an
i m p o r t a n t  c o n t r i b u t a r y  f a c t o r  i n  t h e  f a l l  i n  v i s c o s i t y  i n  t h e
SAB g ro u p ,  a l t h o u g h  t h e  f a l l  i n  " c o r r e c t e d "  v i s c o s i t y  d i d  n o t  
a c h i e v e  s t a t i s t i c a l  s i g n i f i c a n c e .  The d e c r e a s e d  de fo rm  a b i l i t y  
a f t e r  g e n e r a l  a n a e s t h e s i a  i s  r e f l e c t e d  i n  t h e  r i s e s  i n  
" c o r r e c t e d "  v i s c o s i t y .  Thus,  i f  h a e m a t o c r i t  had  r e m a i n e d  
c o n s t a n t ,  p a t i e n t s  i n  t h e  GA g r o u p  w ou ld  have  had  a r i s e  i n  
w h o le  b lo o d  v i s c o s i t y .
The i m p l i c a t i o n s  o f  t h e s e  r e s u l t s  can  be v i e w e d  f i r s t l y  i n  
t h e  c o n t e x t  of  t h e  e f f e c t  o f  c h a n g e s  i n  v i s c o s i t y  on f lo w  i n
t h e  deep  v e i n s  and t h u s  l i a b i l i t y  t o  DVT, and s e c o n d l y  f o r  t h e
p o s s i b l e  i m p l i c a t i o n s  a s  r e g a r d s  p e r f u s i o n  o f  t h e  m i c r o -  
c i r c u l a t i o n  o f  v i t a l  o r g a n s .
The s i g n i f i c a n t  f a l l  i n  v i s c o s i t y  i n  t h e  SAB g ro u p  m i g h t  
be e x p e c t e d  t o  im p ro v e  b lo o d  f l o w  t o  t h e  l i m b s *  r e d u c e  v e n o u s  
s t a s i s  and  r e d u c e  t h e  i n c i d e n c e  o f  DVT. V i s c o s i t y  d i f f e r e n c e s  
w e re  t h u s  v e r y  l i k e l y  t o  hav e  been  a s i g n i f i c a n t  f a c t o r  i n  t h e  
d i f f e r e n c e  i n  DVT i n c i d e n c e  s e e n  b e t w e e n  t h e  a n a e s t h e t i c  g ro u p s  
( c h a p t e r  3). The s t u d i e s  by Dormandy and Ede lm an  (1973) and 
Loudon e t  a l  (1978)  s t r o n g l y  s u p p o r t  a d i r e c t  r e l a t i o n s h i p  
b e t w e e n  v i s c o s i t y  and l i a b i l i t y  t o  DVT. However ,  J a n v r i n ,
D a v ie s  and  G r e e n h a l g h  (1980)  f o u n d  a h i g h e r  i n c i d e n c e  o f  DVT i n  
p a t i e n t s  g i v e n  i n t r a v e n o u s  f l u i d  com pared  w i t h  a c o n t r o l  g ro u p  
k e p t  " d ry "  i n  a s t u d y  o f  p a t i e n t s  h a v i n g  v a r i o u s  a b d o m in a l  
s u r g i c a l  o p e r a t i o n s .  D e s p i t e  a l o w e r  h a e m a t o c r i t ,  t h e  g roup  
g i v e n  f l u i d  w e re  f o u n d  t o  be more h y p e r o o a g u l a b l e .  T o c a n t i n s ,  
C a r r o l l  and H o lb u r n  (1951)  f o u n d  t h a t  d i l u t i o n  o f  b lo o d  
a c c e l e r a t e d  c o a g u l a t i o n .  T h i s  w ork  r e q u i r e s  f u r t h e r  
c o n f i r m a t i o n  a s  t h e  f i n d i n g s  a r e  somewhat b i z a r r e .
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The c l i n i c a l  i m p o r t a n c e  o f  t h e  ch a n g e s  i n  r e d  c e l l  
d e f o r m a b i l i t y  c h a n g e s  i s  n o t  f u l l y  u n d e r s t o o d .  D i n t e n f a s s  
(1981)  c o n s i d e r e d  t h a t  t h e  d e f o r m a b i l i t y  o f  r e d  c e l l s  wou ld  
have  a g r e a t  e f f e c t  on f l o w  i n  s m a l l  v e s s e l s  a s  t h e  a p p a r e n t  
v i s c o s i t y  o f  b lo o d  r i s e s  s u d d e n l y  and d r a m a t i c a l l y  below a 
c e r t a i n  b lo o d  v e s s e l  d i a m e t e r .  The d i a m e t e r  a t  w h ich  t h i s  
phenomenon o c c u r s  i s  c r i t i c a l l y  d e p e n d e n t  on t h e  d e f o r m a b i l i t y  
o f  t h e  r e d  c e l l s .  Thus t h e  e f f e c t s  o f  s p i n a l  a n a e s t h e s i a  on r e d  
c e l l  d e f o r m a b i l i t y  may be i m p o r t a n t  i n  p e r f u s i o n  o f  t h e  m i c r o -  
c i r c u l a t i o n .  Im p ro v ed  m y o c a r d i a l  p e r f u s i o n  and r e d u c e d  
p e r i p h e r a l  r e s i s t a n c e  c o u l d  be e x p e c t e d  t o  i m p r o v e  c a r d i a c  
o u t p u t  and f u r t h e r  i m p r o v e  l o w e r  l i m b  b lo o d  f l o w .
E v i d e n c e  i s  now e m e r g i n g  t h a t  w he re  t h e r e  i s  c o m p ro m is e d  
c i r c u l a t i o n ,  t h e  r h e o l o g i c a l  p r o p e r t i e s  o f  t h e  b l o o d  may be 
c r i t i c a l  i n  d e t e r m i n i n g  t h e  ad e q u a c y  o f  p e r f u s i o n .  B a i l e y ,  
Y a te s ,  J o h n s t o n  e t  a l  (1979)  e x a m in e d  h e a l i n g  o f  a m p u t a t i o n s  i n  
d i a b e t i c  p a t i e n t s  and  fo u n d  a d i r e c t  c o r r e l a t i o n  b e t w e e n  p r e -  
o p e r a t i v e  h a e m a t o c r i t  and s u c c e s s  o f  o p e r a t i o n .  A l l  18 
a m p u t a t i o n s  done i n  p a t i e n t s  w i t h  a p r e - o p e r a t i v e  h a e m o g l o b i n  
l e s s  t h a n  12.0 g dl i t re"**'  h e a l e d  s u c c e s s f u l l y ,  w h i l s t  a l l  30 
a m p u t a t i o n s  i n  p a t i e n t s  w i t h  a p r e - o p e r a t i v e  h a e m o g l o b i n  
g r e a t e r  t h a n  13,0 g d l i t r e “ \  f a i l e d  t o  h e a l .  T h e y . c o n c l u d e d  
t h a t  t h e  m o s t  l i k e l y  e x p l a n a t i o n  f o r  t h i s  was  t h e  c o r r e l a t i o n  
b e t w e e n  v i s c o s i t y  and b lo o d  f l o w .
A v e r y  c l o s e  c o r r e l a t i o n  h a s  been  shown b e t w e e n  
h a e m o g l o b i n ,  b lo o d  v i s c o s i t y  and t o t a l  c e r e b r a l  b l o o d  f l o w  
(Thomas,  M a r s h a l l ,  Ross R u s s e l l  e t  a l ,  1977),  d e m o n s t r a t i n g  
t h a t  h a e m o d i l u t i o n  r e s u l t e d  i n  an  o v e r a l l  i m p r o v e m e n t  i n  oxygen  
d e l i v e r y *  In  p a t i e n t s  w i t h  i n t e r m i t t e n t  c l a u d i c a t i o n  ( Y a t e s ,
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Andrews,  B e r e n t  e t  a l ,  1979)» r e d u c t i o n  of  h a e m a t o c r i t  r e s u l t e d  
i n  a r i s e  o f  13? i n  a c t u a l  h a e m o g l o b i n  d e l i v e r y  a t  r e s t ,  and 
100? r i s e  i n  d e l i v e r y  a t  peak  f l o w .
W hi le  t h e  p r e s e n t  s t u d y  seem s  t h e  o n ly  one t o  docum ent  
c o m p a r a t i v e  v i s c o s i t y  c h a n g e s  w i t h  r e g i o n a l  and g e n e r a l  
a n a e s t h e s i a ,  o t h e r  s t u d i e s  have  ex a m in e d  t h e  e f f e c t s  o f  g e n e r a l  
a n a e s t h e s i a  on v i s c o s i t y .  However ,  l i m i t a t i o n s  i n  m e th o d o lo g y  
u s e d  r e n d e r s  m e a n i n g f u l  i n t e r p r e t a t i o n  d i f f i c u l t  i n  many c a s e s .  
F i r s t l y ,  t h e  p u b l i s h e d  e v i d e n c e  on t h e  e f f e c t s  on v i s c o s i t y  of  
a n a e s t h e t i c  a g e n t s  u s e d  i n  t h e  p r e s e n t  s t u d y  w i l l  be c o n s i d e r e d  
and t h e n  t h e  e v i d e n c e  e x i s t i n g  a b o u t  o t h e r  a n a e s t h e t i c  a g e n t s  
w i l l  be b r i e f l y  p r e s e n t e d .
[ 4 .8 ]  G e n e r a l  A n a e s t h e t i c  A g en ts  and V i s c o s i t y
a)  A l t h e s i n  ( a l p h a x o l o n e - a l p h a d o l o n e )
A l t h e s i n  was  t h e  i n d u c t i o n  a g e n t  u s e d  i n  t h e  GA g ro u p  i n  
t h e  p r e s e n t  s t u d y .  I t  i s  a m i x t u r e  of  two s t e r o i d  a g e n t s  i n  a 
s o l u b i l i s i n g  a g e n t ,  c r e m o p h o r .  ( A l t h e s i n  i s  c u r r e n t l y  
u n a v a i l a b l e  i n  B r i t a i n  h a v i n g  been  w i t h d r a w n  by t h e  
m a n u f a c t u r e r s  b e c a u s e  o f  c o n t i n u i n g  r e p o r t s  o f  a d v e r s e  
r e a c t i o n s  t h o u g h t  t o  be a s s o c i a t e d  w i t h  t h e  s o l u b i l i s i n g  
a g e n t ) .  G r a m s ta d  and S t o v n e r  (1979) found  t h a t  p l a s m a  v i s c o s i t y  
d e c r e a s e d  s i g n i f i c a n t l y  a f t e r  i n d u c t i o n  w i t h  a l t h e s i n  and 
d ia z e p a m .  T h i s  e f f e c t  w as  a l s o  s e e n  when any a g e n t s  c o n t a i n i n g  
c r e m o p h o r  w e re  added  t o  b lo o d  " i n  v i t r o " .  However,  t h e  r e s u l t s  
m u s t  be v i e w e d  w i t h  s u s p i c i o n  a s  t h e  a u t h o r s  u s e d  t h e  W e l l s -  
B r o o k f i e l d  c o n e - i n - p l a t e  v i s c o m e t e r  w h ic h  i s  r e c o g n i s e d  t o  be 
i n a c c u r a t e  a t  t h e  low s h e a r  r a t e s  u s e d  (Gordon and Rav in ,
1978).  O rr ,  D a v id s o n ,  R u s s e l l  e t  a l  (1982) r e p e a t e d  t h e  s t u d y
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u s i n g  an  a l t h e s i n  i n f u s i o n  t o  i n d u c e  a n a e s t h e s i a  and  f o u n d  o n l y  
a v e r y  s m a l l  r e d u c t i o n  i n  w h o le  b lo o d  v i s c o s i t y  w h ich  was o n ly  
s i g n i f i c a n t  a t  one s h e a r  r a t e  (0.945 sec"**). They a l s o  f o u n d  
t h a t  r e d  c e l l  d e f o r m a b i l i t y  was  unchanged .  S t u d i e s  " i n  v i t r o "  
r e v e a l e d  t h a t  when h a e m o d i l u t i o n a l  e f f e c t s  w e re  e l i m i n a t e d ,  
p l a s m a  v i s c o s i t y  was  n o t  r e d u c e d  by t h e  a d d i t i o n  o f  c r e m o p h o r  
o r  a l t h e s i n .  The s m a l l  r e d u c t i o n s  i n  h a e m a t o c r i t  and p l a s m a  
v i s c o s i t y  t h e y  o b s e r v e d  i n  v i v o ,  w e re  c o n s i d e r e d  t o  be 
s e c o n d a r y  t o  t h e  e f f e c t s  o f  s e d a t i o n  and  t h e  v a s o d i l a t a t i o n  
r e s u l t i n g  f rom  i t ,  w h ic h  m i g h t  be e x p e c t e d  t o  l e a d  t o  a 
r e d i s t r i b u t i o n  of  e x t r a - c e l l u l a r  f l u i d  i n t o  t h e  i n t r a - v a s c u l a r  
c o m p a r t m e n t .  The c o n v e r s e  of  t h i s  h a s  b e e n  d e m o n s t r a t e d  by Cohn 
(1966) who f o u n d  t h a t  v a s o c o n s t r i c t i o n  r a i s e d  h a e m a t o c r i t .
As a l t h e s i n  h a s  a s h o r t  p l a s m a  h a l f - l i f e ,  any e f f e c t  i t  
m i g h t  h a v e  had  on v i s c o s i t y  w ou ld  be e x p e c t e d  t o  have  
d i s a p p e a r e d  by t h e  t i m e  t h e  i n t r a - o p e r a t i v e  s a m p l e  w as  t a k e n  i n  
t h e  p r e s e n t  s t u d y ,
b)  H a l o t h a n e .
H a l o t h a n e ,  t h e  v o l a t i l e  h a l o g e n a t e d  a n a e s t h e t i c  a g e n t ,  was  
u s e d  t o  m a i n t a i n  a n a e s t h e s i a  i n  t h e  p r e s e n t  s t u d y .  A ronson,  
L e v e s q u e ,  Charm e t  a l  (196 8) c o u l d  f i n d  no change  i n  b lo o d  
v i s c o s i t y  a t  a v a r i e t y  o f  s h e a r  r a t e s  when h a l o t h a n e  was  added  
t o  w h o le  b l o o d  i n  v i t r o .  However,  t h a t  s t u d y  u s e d  t h e  W e l l s -  
B r o o k f i e l d  v i s c o m e t e r  w h i c h  i s  i n a c c u r a t e  a t  low s h e a r  r a t e s ,  
Magora,  London,  E i m e r l  e t  a l  (1974)  fo u n d  a s i g n i f i c a n t  
r e d u c t i o n  i n  w h o le  b l o o d  v i s c o s i t y  i n  p a t i e n t s  u n d e r  h a l o t h a n e  
a n a e s t h e s i a .  However,  t h e y  a l s o  f o u n d  a s i g n i f i c a n t  r e d u c t i o n  
i n  h a e m a t o c r i t  and  f i b r i n o g e n  l e v e l s  i n d i c a t i n g  h a e m o d i l u t i o n
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and t h e  r e d u c t i o n  i n  v i s c o s i t y  m i g h t  be e n t i r e l y  a t t r i b u t e d  t o  
t h i s  e f f e c t .  They d i d  n o t  e x a m in e  r e d  c e l l  d e f o r m a b i l i t y  and 
a l s o  u sed  t h e  W e l l s - B r o o k f i e l d  v i s c o m e t e r .  The r e d u c t i o n  i n  
v i s c o s i t y  was o n ly  a p p a r e n t  a t  two r e l a t i v e l y  h ig h  s h e a r  r a t e s  
(46  sec" '*  a n d  230  sec"**) .
Drummond, Drummond, McKenzie e t  a l  (1980)  h a v e  shown a 
d o s e - r e l a t e d  d e c r e a s e  i n  r e d  c e l l  d e f o r m a b i l i t y  when h a l o t h a n e  
was  added " i n  v i t r o "  t o  w h o le  b lo o d ,  i n  c o n c e n t r a t i o n s  s i m i l a r  
t o  t h o s e  f o u n d  i n  c l i n i c a l  s i t u a t i o n s  c o n f i r m i n g  t h e  e f f e c t s  
s e e n  i n  t h e  p r e s e n t  s t u d y .  A l b e r t ,  J a i n  and S h a d id  (1964) fo u n d  
a d e c r e a s e  i n  b lo o d  v i s c o s i t y  d u r i n g  a n a e s t h e s i a  w i t h  h a l o t h a n e  
b u t  d i d  n o t  t a k e  a c c o u n t  o f  d i f f e r i n g  s h e a r  r a t e s  t h u s  
r e n d e r i n g  t h e  r e s u l t s  o f  d u b i o u s  v a l u e .
c) N i t r o u s  o x id e .
T here  seem s  t o  be no e v i d e n c e  w h a t s o e v e r  i n  t h e  l i t e r a t u r e  
on t h e  e f f e c t s  of  n i t r o u s  o x i d e  on b lo o d  v i s c o s i t y .
d) O th e r  a n a e s t h e t i c  a g e n t s .
Magora e t  a l  (1974)  f o u n d  t h a t  b lo o d  v i s c o s i t y  d e c r e a s e d  
d u r i n g  a n a e s t h e s i a  w i t h  c y c l o p r o p a n e .  However ,  a f t e r  
t h i o p e n t o n e  th e y  showed t h a t  t h e r e  was  no Change i n  v i s c o s i t y  
d e s p i t e  a r e d u c t i o n  i n  h a e m a t o c r i t .  V i s c o s i t y  was u n ch an g e d  
a f t e r  k e t a m i n e  and w as  a s s o c i a t e d  w i t h  an  i n c r e a s e  i n  
h a e m a t o c r i t .  I t  i s  d i f f i c u l t  t o  draw c o n c l u s i o n s  f ro m  t h e s e  
m e a s u r e m e n t s  a s  v a l u e s  w e r e  n o t  c o r r e c t e d  t o  a s t a n d a r d  
h a e m a t o c r i t  and  r e d  c e l l  d e f o r m a b i l i t y  was  n o t  m e a s u re d .
Aronson  e t  a l  (1968) f i n d  no e f f e c t  o f  c y c l o p r o p a n e  on 
v i s c o s i t y  a t  d i f f e r i n g  s h e a r  r a t e s  when added t o  b lo o d  " i n  
v i t r o " ,  b u t  f o u n d  a s m a l l  t r e n d  t o w a r d s  r e d u c e d  p l a s m a  
v i s c o s i t y  w i t h  m e t h o x y f l u r a n e .
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[ 4 . 9 ]  M eohanism s  o f  E f f e c t  o f  A n a e s t h e t i c  A g en ts  on B lood  
V i s c o s i t y
A d m i n i s t r a t i o n  o f  s p i n a l  o r  e p i d u r a l  a n a e s t h e s i a  i s  
u s u a l l y  a c c o m p a n i e d  by t h e  a d m i n i s t r a t i o n  of  i n t r a v e n o u s  f l u i d s  
t o  c o m p e n s a t e  f o r  t h e  e x p a n s i o n  o f  i n t r a v a s c u l a r  vo lu m e  c a u s e d  
by s y m p a t h e t i c  b l o c k a d e .  T h i s  w i l l  t e n d  t o  d e c r e a s e  h a e m a t o c r i t  
a s  s e e n  i n  t h e  p r e s e n t  s t u d y .  The e f f e c t  i s  m ore  m arked  i n  t h e  
e l d e r l y ,  a s  c a r d i o - v a s c u l a r  c o m p e n s a t o r y  r e f l e x e s  a r e  l e s s  
e f f i c i e n t  and  l e s s  t o l e r a n t  o f  c h a n g e s  i n  b lo o d  v o lu m e  and  
h e n c e  p a t i e n t s  r e q u i r e  t h e  a d m i n i s t r a t i o n  o f  f l u i d  (o r  
v a s o p r e s s o r  d r u g s )  t o  m a i n t a i n  a r t e r i a l  p r e s s u r e .  As d i s c u s s e d  
e a r l i e r ,  v a s o d i l a t a t i o n  may a l s o  c a u s e  a s e c o n d a r y  f a l l  i n  
h a e m a t o c r i t  c o n s e q u e n t  on r e d u c e d  i n t r a - v a s c u l a r  h y d r o s t a t i c  
p r e s s u r e .
Changes  i n  d e f o r m a b i l i t y  o f  r e d  c e l l s  may be due t o  
e f f e c t s  on t h e  r e d  c e l l  m em brane ,  h a e m o g l o b i n ,  o r  t h e  
s t r u c t u r a l  p r o t e i n ,  s p e c t i n .  However ,  e x p l a n a t i o n  o f  t h e  
c h a n g e s  s e e n  m u s t  i n e v i t a b l y  be s p e c u l a t i v e  b u t  t h e r e  i s  some 
s u p p o r t i v e  e v i d e n c e .
R o s en b u rg  (1980)  f o u n d  t h a t  h a l o t h a n e  had  a b i - p h a s i c ,  
d o s e - d e p e n d a n t  a c t i o n  on membrane  f l u i d i t y .  Low c o n c e n t r a t i o n s  
o f  h a l o t h a n e  c a u s e d  d e c r e a s e d  f l u i d i t y  o f  a  l i p i d  b i - l a y e r  
membrane b u t  h i g h e r  c o n c e n t r a t i o n s  c a u s e d  i n c r e a s e d  f l u i d i t y .  
W h e th e r  t h e s e  r e s u l t s  a r e  r e l e v a n t  t o  e r y t h r o c y t e  m e m b ran es  i s  
n o t  c l e a r .  However,  i n  s t u d i e s  more  r e l e v a n t  t o  t h e  r e d  c e l l  
membrane ,  Seeman and  Roth  (1972) f o u n d  low c o n c e n t r a t i o n s  o f  
v o l a t i l e  a n a e s t h e t i c s  t o  be a n t i - h a e m o l y t i c  b u t  h i g h e r  
c o n c e n t r a t i o n s  w e r e  i n  f a c t  d i r e c t l y  h a e m o l y t i c ,  c l e a r l y
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i m p l y i n g  some k in d  of  e f f e c t  on t h e  membrane.
I n t e r n a l  s t r u c t u r a l  a l t e r a t i o n s  of  t h e  r e d  c e l l  a r e  
c o n s i d e r e d  by Dormandy,  Y a te s  and B e r e n t  (1981)  t o  be a 
p o s s i b l e  m echan ism  of  c h a n g e s  o b s e r v e d  i n  r e d  c e l l  
d e f o r m a b i l i t y .  B a r k e r ,  Brown, Drake e t  a l  (1975)  o b s e r v e d  
c h a n g e s  i n  c o n f o r m a t i o n  o f  t h e  h a e m o g l o b i n  m o l e c u l e  when 
e x p o s e d  t o  c l i n i c a l  c o n c e n t r a t i o n s  o f  h a l o t h a n e .
The c h a n g e s  i n  r e d  c e l l  d e f o r m a b i l i t y  a f t e r  s p i n a l  
a n a e s t h e s i a  have  n o t  been  d o c u m e n te d  p r e v i o u s l y  and t h u s  no 
w ork  e x i s t s  on t h e i r  a e t i o l o g y .  However,  t h e  c h a n g e s  m i g h t  be 
c o n s i d e r e d  to  be due t o  a p r i m a r y  e f f e c t  of  s y s t e m i c a l l y  
a b s o r b e d  l o c a l  a n a e s t h e t i c  ( a l t h o u g h  i t  i s  n o t  known w h e t h e r  
t h e  l o c a l  a n a e s t h e t i c  u s e d  i n  t h i s  s t u d y  i s ,  i n  f a c t ,  a b s o r b e d  
i n  s i g n i f i c a n t  c o n c e n t r a t i o n s ) .  A n o th e r  p o s s i b l e  e x p l a n a t i o n  
m i g h t  be a s e c o n d a r y  e f f e c t  by m e c h a n i s m s  a s  y e t  unknown b u t  
w h ich  p o s s i b l y  c o u l d  i n c l u d e  h o rm o n a l  f a c t o r s .
T he re  i s  e v i d e n c e  t h a t  l o c a l  a n a e s t h e t i c  a g e n t s  have  
d i r e c t  e f f e c t s  on t h e  e r y t h r o c y t e  membrane.  Seeman (1966) h a s  
shown t h a t  low c o n c e n t r a t i o n s  o f  l o c a l  a n a e s t h e t i c  a g e n t s ,  
i n c l u d i n g  c i n c h o c a i n e ,  p r o t e c t  o r  s t a b i l i s e  human e r y t h r o c y t e s  
a g a i n s t  h a e m o l y s i s ,  w h e r e a s  h i g h e r  c o n c e n t r a t i o n s  e l i c i t  a 
d e t e r g e n t  h a e m o l y s i s .  L o c a l  a n a e s t h e t i c  a g e n t s  a r e  a l s o  known 
t o  a f f e c t  sod ium and p o t a s s i u m  f l u x  i n  human r e d  c e l l s  
(A n d e r se n ,  1968) ,  w h ich  c o u l d  hav e  an  e f f e c t  on membrane 
f l u i d i t y .  L o c a l  a n a e s t h e t i c  a g e n t s  can a l s o  i n h i b i t  g l u c o s e  
t r a n s p o r t  i n  human e r y t h r o c y t e s  (Lacko,  W i t t k e  and Lacko,  1978) 
and i t  i s  i n t e r e s t i n g  t h a t  d i a b e t i c  p a t i e n t s  h a v e  r e d u c e d  r e d  
c e l l  d e f o r m a b i l i t y  ( B a r n e s ,  Locke ,  S c u d d e r  e t  a l ,  1976).
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[4 .1 0 ]  C o n c l u s i o n s
The v i s c o s i t y  c h a n g e s  s e e n  i n  t h e  p r e s e n t  s t u d y  a r e  i n  
l i n e  w i t h  t h e  d i f f e r i n g  i n c i d e n c e  o f  DVT b e t w e e n  t h e  two 
a n a e s t h e t i c  g ro u p s .  S p i n a l  a n a e s t h e s i a  w ou ld  a p p e a r  t o  p ro d u c e  
c h a n g e s  w h ic h  a r e  t h e o r e t i c a l l y  b e n e f i c i a l  t o  b lo o d  f l o w  i n  a l l  
p a r t s  o f  t h e  c i r c u l a t i o n .  The m e c h a n i s m s  o f  t h e s e  c h a n g e s  a r e  
p a r t l y  due t o  t h e  a l t e r a t i o n s  i n  h a e m a t o c r i t ,  b u t  t h e  i n c r e a s e  
i n  r e d  c e l l  d e f o r m a b i l i t y  may a l s o  be of  i m p o r t a n c e .
G e n e r a l  a n a e s t h e s i a ,  w h i l e  n o t  a c t u a l l y  r a i s i n g  w h o le  
b lo o d  v i s c o s i t y  i n  t h i s  s t u d y ,  p ro d u c e d  u n d e s i r a b l e  c h a n g e s  i n  
r e d  c e l l  d e f o r m a b i l i t y  w h ic h  m i g h t  be h a r m f u l  i n  c i r c u m s t a n c e s  
w h e re  p e r f u s i o n  o f  t h e  m i o r o c i r c u l a t i o n  was  a l r e a d y  
co m p ro m is ed  and c o u l d  c o n t r i b u t e  t o  t h e  r i s k  o f  p o s t - o p e r a t i v e  
t h r o m b o e m b o l i c  c o m p l i c a t i o n s .  Where i n c r e a s e d  v i s c o s i t y  a l r e a d y  
e x i s t s  o r  t h e r e  i s  a l r e a d y  r e d u c e d  r e d  c e l l  d e f o r m a b i l i t y ,  a s  
i n  d i a b e t e s  ( B a r n e s  e t  a l ,  1976) t h e n  t h e  u s e  o f  h a l o t h a n e  
a n a e s t h e s i a  m i g h t  be c o n s i d e r e d  t o  be c o n t r a - i n d i c a t e d .
I t  m u s t  be n o t e d  t h a t  t h e  number of  p a t i e n t s  s t u d i e d  w as  
r e l a t i v e l y  s m a l l  and c o n f i r m a t i o n  of  t h e  r e s u l t s  w i t h  l a r g e r  
num bers  w o u ld  seem a d v i s a b l e  i n  t h e  f u t u r e .
The f i e l d  o f  h a e m o r h e o l o g y  and a n a e s t h e s i a  i s  r e l a t i v e l y  
u n e x p l o r e d ,  and t h e  p o s s i b i l i t i e s  f o r  f u r t h e r  r e s e a r c h  a r e  
c o n s i d e r a b l e .  C o n f i r m a t i o n  i s  need e d  o f  t h e  r e s u l t s  s e e n  i n  t h e  
p r e s e n t  s t u d y  i n  d i f f e r e n t  g r o u p s  o f  p a t i e n t s  and w i t h  
d i f f e r e n t  a n a e s t h e t i c  t e c h n i q u e s ,  f o r  e x a m p le  e p i d u r a l  
a n a e s t h e s i a .  I n v e s t i g a t i o n  o f  m e c h a n i s m s  u n d e r l y i n g  t h e  c h a n g e s  
s e e n  w ou ld  be o f  g r e a t  i n t e r e s t .  Changes  i n  v i s c o s i t y  and  t h e  
e f f e c t s  on o r g a n  p e r f u s i o n  i n  t h e  a n a e s t h e t i s e d  s u b j e c t  have
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n o t  been  e x p l o r e d ,  t o  t h e  a u t h o r ' s  k n o w le d g e ,  a l t h o u g h  t h e  
d i f f i c u l t i e s  o f  such  s t u d i e s  a r e  a p p a r e n t .  I t  i s  n o t  p o s s i b l e  
t o  g u e s s  w i t h  t h e  c u r r e n t  s t a t e  o f  k n o w le d g e ,  w h e t h e r  t h i s  
w h o le  a r e a  of  r e s e a r c h  w i l l  u l t i m a t e l y  p ro v e  t o  be of  g r e a t  
i m p o r t a n c e  t o  t h e  a n a e s t h e t i s t  b u t  some of  t h e  s t u d i e s  
p r e s e n t e d  have  r e v e a l e d  f a s c i n a t i n g  and u n s u s p e c t e d  e f f e c t s  o f  
commonly u s e d  a g e n t s  and t e c h n i q u e s  of  a n a e s t h e s i a .
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CHAPTER .5
LONG TERM FOLLOW-UP AFTER SPINAL OR GENERAL ANAESTHESIA 
FOR REPAIR OF FRACTURED NECK OF FEMUR
[ 5 . 1 ]  I n t r o d u c t i o n
When t h e  s t u d i e s  c o m p r i s i n g  t h i s  t h e s i s  w e r e  commenced,  
l o n g  t e rm  f o l l o w - u p  o f  p a t i e n t s  was  n o t  i n v i s a g e d .  However ,  
s h o r t - t e r m  f o l l o w - u p  o f  t h e  f i r s t  50 p a t i e n t s  f o r  28 d ay s  a f t e r  
o p e r a t i o n  showed a t r e n d ,  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  
t o w a r d s  a d i f f e r e n c e  i n  m o r t a l i t y  r a t e s  b e t w e e n  t h e  g r o u p s .
When a l a r g e r  number o f  p a t i e n t s  w e re  s t u d i e d  t h e  d i f f e r e n c e  
was  s t a t i s t i c a l l y  s i g n i f i c a n t .  The p a t t e r n  o f  m o r t a l i t y  r e s u l t s  
was b r o a d l y  s i m i l a r  t o  t h a t  fo u n d  by McLaren  e t  a l  (1978)  i n  a 
s t u d y  o f  s p i n a l  and g e n e r a l  a n a e s t h e s i a  f o r  r e p a i r  o f  f r a c t u r e d  
neck  o f  f e m u r .
B e c a u s e  r e s u l t s  i n  t e r m s  o f  e a r l y  p o s t - o p e r a t i v e  m o r t a l i t y  
w e re  s i g n i f i c a n t l y  b e t t e r  a f t e r  s p i n a l  a n a e s t h e s i a ,  t h e  f u r t h e r  
u s e  o f  g e n e r a l  a n a e s t h e s i a  f o r  t h e  p a t i e n t  w i t h  h i p  f r a c t u r e  
m i g h t  be deemed u n e t h i c a l .  However ,  i t  seemed  t h a t  l o n g e r  t e r m ,  
more  d e t a i l e d  f o l l o w - u p  o f  t h e  p a t i e n t s  a l r e a d y  s t u d i e d  was  
n e c e s s a r y  b e f o r e  such  a c o n c l u s i o n  c o u ld  be drawn.  I t  was  f o r  
t h e s e  r e a s o n s  t h a t  t h e  f o l l o w - u p  s t u d y  p r e s e n t e d  i n  t h i s  
c h a p t e r  was  c o n d u c t e d  r e t r o s p e c t i v e l y .  I t  was d e c i d e d  t h a t  
f o l l o w - u p  s h o u l d  be m a i n l y  a im ed  a t  t h e  a q u i s i t i o n  o f  " h a rd "  
d a t a ,  f o r  e x a m p le  d e a t h  o r  s u r v i v a l ,  p l a c e  and d a t e  o f  d e a t h  o r  
l o c a t i o n  o f  s u r v i v o r s .  Any o t h e r  i n f o r m a t i o n  g a t h e r e d  w o u ld  
n e c e s s a r i l y  be o f  l e s s  v a l u e  t h a n  i f  i t  had  been  g a t h e r e d  on a 
p r o s p e c t i v e  b a s i s .
__
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[ 5 . 2 ]  P a t i e n t s  and Methods
150 p a t i e n t s  p r e s e n t i n g  f o r  p i n  and p l a t e  r e p a i r  of  
f r a c t u r e d  neck  o f  f e m u r  w e r e  a l l o c a t e d  r a n d o m l y  t o  r e c e i v e  
g e n e r a l  o r  s p i n a l  a n a e s t h e s i a  a s  p r e v i o u s l y  d e s c r i b e d .  In  2 
p a t i e n t s  i n  t h e  SAB g r o u p  t h e  s u b - a r a c h n o i d  s p a c e  c o u l d  n o t  be 
i d e n t i f i e d .  These p a t i e n t s  w e re  e x c l u d e d  f rom  t h e  s t u d y ,  and 
r e c e i v e d  g e n e r a l  a n a e s t h e s i a .
F o l l o w - u p  was  a c c o m p l i s h e d  by p e r u s a l  o f  c a s e  r e c o r d s  and 
s u b s e q u e n t l y  by q u e s t i o n n a i r e  t o  p a t i e n t s '  g e n e r a l  
p r a c t i t i o n e r s  a n d / o r  a p p r o p r i a t e  h o s p i t a l s  o r  i n s t i t u t i o n s .  I n  
3 p a t i e n t s  i t  was  n e c e s s a r y  t o  o b t a i n  c o p i e s  o f  d e a t h  
c e r t i f i c a t e s  f rom  t h e  R e g i s t r a r  G e n e r a l  o f  B i r t h s ,  M a r r i a g e s  
and D e a th s  a s ,  i n  some c a s e s ,  p a t i e n t s '  G e n e r a l  P r a c t i o n e r  
r e c o r d s  had been  d e s t r o y e d  a f t e r  d e a t h .  The c a u s e  of  d e a t h  was  
s o u g h t  i n  a l l  i n s t a n c e s  b u t  i n  v e r y  few p a t i e n t s  had  a u t o p s y  
e x a m i n a t i o n s  been  c a r r i e d  o u t .  The c a u s e s  o f  d e a t h  t h e r e f o r e ,  
w e re  b a s e d  on t h e  c l i n i c a l  i m p r e s s i o n  o f  t h e  c e r t i f y i n g  d o c t o r  
and undue  e m p h a s i s  s h o u l d  n o t  be p l a c e d  on t h e  a c c u r a c y  o f  
d i a g n o s i s .
P r e d i c t e d  m o r t a l i t y  r a t e s  w e r e  d e r i v e d  by c o m p u t in g  
e x p e c t e d  m o r t a l i t y  i n  age bands  f o r  m a l e s  and f e m a l e s  f o r  a 
p o p u l a t i o n  o f  s i m i l a r  s i z e ,  age and s e x  d i s t r i b u t i o n  t o  t h a t  of  
t h e  s t u d y  p o p u l a t i o n .  P o p u l a t i o n  m o r t a l i t y  s t a t i s t i c s  w e re  
d e r i v e d  f rom  t h e  Annual  R e p o r t  o f  t h e  R e g i s t r a r  G e n e r a l  f o r  
S c o t l a n d ,  1973.
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[ 5 . 3 3  R e s u l t s
T a b l e  21 show s  t h e  age and s e x  d i s t r i b u t i o n  o f  t h e  
p a t i e n t s  s t u d i e d  f o r  ea c h  a n a e s t h e t i c  g roup .  There  w ere  no 
s i g n i f i c a n t  d i f f e r e n c e s  i n  o v e r a l l  a g e  o r  s e x  d i s t r i b u t i o n  (by 
c h i - s q u a r e  t e s t ) ,  w i t h ,  a s  e x p e c t e d ,  a p p r o x i m a t e l y  74? o f  
p a t i e n t s  b e i n g  f e m a l e .  O th e r  g e n e r a l  d e t a i l s  o f  t h e  p a t i e n t s  
s t u d i e d  a r e  shown i n  t a b l e  22. T h e re  were  no s i g n i f i c a n t  
d i f f e r e n c e s  i n  i n t r a - o p e r a t i v e  b l o o d  l o s s ,  d u r a t i o n  o f  s u r g e r y  
o r  i n t e r v a l  b e t w e e n  a d m i s s i o n  and s u r g e r y .  Mean p r e - o p e r a t i v e  
serum u r e a  was  s i g n i f i c a n t l y  h i g h e r  i n  t h e  SAB g ro u p .  T a b le  23 
shows p r e - o p e r a t i v e  " f i t n e s s "  s c o r e s  i n  a s i m i l a r  m anner  t o  
t h a t  d e s c r i b e d  i n  p r e v i o u s  c h a p t e r s .  There  w e r e  no s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  i n  d i s t r i b u t i o n  o f  o v e r a l l  o r  
s p e c i f i c  s y s t e m  s c o r e s  (by c h i - s q u a r e  t e s t ) .
The number  o f  t i m e s  i n  ea c h  g r o u p  t h a t  t h e  more common 
m e d i c a l  p r o b l e m s  w e r e  p r e s e n t  p r e - o p e r a t i v e l y  a r e  d i s p l a y e d  i n  
t a b l e  24. When p a t i e n t s  had  more  t h a n  one m a j o r  p ro b le m  t h i s  
was  added  u n d e r  each  h e a d i n g ,  t h u s  t h e  f i g u r e s  do n o t  r e p r e s e n t  
t h e  n u m b e rs  o f  p a t i e n t s  b u t  t h e  number o f  t i m e s  t h a t  t h e  
c o n d i t i o n s  w e r e  r e c o r d e d .  I n  a s i m i l a r  manner ,  common l o n g  t e rm  
d ru g  t h e r a p y  i n  ea c h  g r o u p  i s  shown ( t a b l e  25).  Too much 
e m p h a s i s  s h o u l d  n o t  be p l a c e d  on t a b l e s  24 and 25 a s  t h e y  a r e  
o n ly  i n t e n d e d  a s  an  i l l u s t r a t i o n  o f  t h e  g e n e r a l  s t a t u s  of  t h e  
s t u d y  p o p u l a t i o n .
T a b l e  26 shows  t h e  s o u r c e s  f ro m  w h ich  p a t i e n t s  w e re  
a d m i t t e d  i n  each  a n a e s t h e t i c  g ro u p  and t h e r e  w e re  no 
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  s o u r c e s .  I n  t h e  
g e n e r a l  a n a e s t h e t i c  g r o u p  24 p a t i e n t s  (34 .8? )  had  a c e r v i c a l  
f r a c t u r e  and 45 p a t i e n t s  (65 .2? )  had  a t r o c h a n t e r i c  f r a c t u r e .
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In  th e  SAB g ro u p  24 (31 *5%) had  a c e r v i c a l  f r a c t u r e  and: 40 
(62.59=) had  a t r o c h a n t e r i c  f r a c t u r e .  I n  6 p a t i e n t s  f rom t h e  GA 
g r o u p  and i n  9 p a t i e n t s  f ro m  t h e  SAB g ro u p ,  t h e  s i t e  o f  
f r a c t u r e  was  n o t  d e t e r m i n e d  f rom  t h e  n o t e s .  The d i s t r i b u t i o n  of  
s i t e s  o f  f r a c t u r e  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  t h e  
two a n a e s t h e t i c  g r o u p s .
[ 5 .4 ]  P o s t - o p e r a t i v e  M o r t a l i t y
F i g u r e  10 d i s p l a y s  t h e  p e r c e n t a g e  s u r v i v a l  i n  each  
a n a e s t h e t i c  g ro u p  o v e r  t h e  f i r s t  56 days  a f t e r  o p e r a t i o n .  There  
i s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  o f  t i m e  o f  
d e a t h s  b e t w e e n  t h e  a n a e s t h e t i c  g r o u p s .  B e tw ee n  days  13 and 14, 
and  16 and 17, c u m u l a t i v e  m o r t a l i t y  i s  s i g n i f i c a n t l y  l o w e r  i n  
t h e  SAB g ro u p  (p<0 .05)  by C h i - s q u a r e  t e s t  w i t h  Y a t e s ’ 
c o r r e c t i o n .  The m a j o r i t y  o f  t h e  d e a t h s  a r e  c l u s t e r e d  b e t w e e n  
t h e  5 t h  and 16 th  p o s t - o p e r a t i v e  days  i n  t h e  GA g ro u p .  There  i s  
no such  p a t t e r n  i n  t h e  SAB g ro u p .
D e s p i t e  t h e s e  d i f f e r e n c e s  i n  e a r l y  p o s t - o p e r a t i v e  
m o r t a l i t y ,  by 56 d a y s  a f t e r  o p e r a t i o n  t h e  s u r v i v a l  r a t e s  i n  
eac h  g ro u p  had become v i r t u a l l y  i d e n t i c a l .
Obse rved  and p r e d i c t e d  s u r v i v a l  r a t e s  f o r  eac h  g ro u p ,  o v e r  
t h e  f i r s t  y e a r  a f t e r  o p e r a t i o n  a r e  d i s p l a y e d  i n  f i g u r e  11.
T a b l e  27 shows t h e  p r e d i c t e d  number o f  d e a t h s  i n  t h e  s t u d y  
g r o u p s  i n  one y e a r .
The m o n t h ly  m o r t a l i t y  r a t e s  i n  t h e  s t u d y  g r o u p s  had 
r e t u r n e d  t o  a p p r o x i m a t e l y  e q u a l  t o ,  o r  be low ,  t h a t  p r e d i c t e d  
f o r  t h e  s t u d y  p o p u l a t i o n  by t h e  8 t h  month i n  b o th  g r o u p s .
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M o r t a l i t y  r a t e s ,  i n  age g r o u p s ,  a t  28, 100 and 365 days  
a f t e r  o p e r a t i o n  a r e  shown i n  t a b l e s  28 t o  30. As e x p e c t e d ,  
m o r t a l i t y  r o s e  w i t h  i n c r e a s i n g  a g e ,  b u t  num bers  i n  t h e  s u b ­
g r o u p s  a r e  too  s m a l l  f o r  s t a t i s t i c a l  v a l i d i t y .
Reco rded  c a u s e s  o f  a l l  d e a t h s  and t h e  d ay s  on w h ich  they  
o c c u r r e d  a r e  shown f o r  e a c h  a n a e s t h e t i c  g roup  i n  t a b l e s  31 and 
32.
T a b le  33 r e l a t e s  m o r t a l i t y  i n  t h e  f i r s t  28 days  and o v e r  
t h e  r e s t  o f  t h e  f i r s t  p o s t - o p e r a t i v e  y e a r ,  t o  p r e - o p e r a t i v e  
s y s t e m  s c o r e s .  A l th o u g h  m o r t a l i t y  r a t e s  a r e  h i g h e r  i n  t h e  
g r o u p s  w i t h  p o o r e r  " f i t n e s s "  s c o r e s ,  t h e s e  r e s u l t s  do n o t  
a c h i e v e  s t a t i s t i c a l  s i g n i f i c a n c e .  There  a r e  a l s o  no s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  a n a e s t h e t i c  g r o u p s  i n  m o r t a l i t y  r a t e s  i n  
each  " f i t n e s s "  c a t e g o r y  (by c h i - s q u a r e  t e s t ) .
M o r t a l i t y  r a t e s  o v e r  t h e  f i r s t  28 days  i n  ea c h  a n a e s t h e t i c  
g r o u p  r e l a t e d  t o  t h e  s i t e  o f  f r a c t u r e  a r e  shown i n  t a b l e  34 b u t  
no c o n c l u s i o n s  can be r e l i a b l y  d raw n  as  num bers  i n  t h e  s u b ­
g r o u p s  a r e  s m a l l .
The e v e n t u a l  l o c a t i o n  o f  s u r v i v o r s  a t  t h e  end o f  t h e  y e a r  
and  t h e  p l a c e  o f  d e a t h  o f  t h o s e  n o t  s u r v i v i n g  a r e  shown i n  
t a b l e  35. Mean l e n g t h  o f  s t a y  ( + / -  S.E.M.) i n  a c u t e  h o s p i t a l s  
i n c l u d i n g  p a t i e n t s  who d i e d ,  was  s i m i l a r ,  b e i n g  42.9  ( + / -  7.9) 
d a y s  i n  t h e  G A g r o u p  a n d  38 . 8  ( + / -  6 .5 )  d a y s  i n  t h e  SAB g r o u p .  
Mean l e n g t h  of  s t a y  i n  a c u t e  p l u s  c o n v a l e s c e n t  h o s p i t a l  c a r e  
was ,  h o w e v e r ,  82.9 ( + / -  13.2) d a y s  i n  t h e  GA g r o u p  and 85.9 
( + / -  13. 3 ) days  i n  t h e  SAB g ro u p  and t h e r e  was  a l s o  no 
s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  g r o u p s  i n  t h i s  r e s p e c t .
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Age (y) GA Group SAB Group
< 70 0 ( 0% ) 0 ( 0% )
70 - 79 5 (15.1%) 2 (9,5%)
80 - 89 5 ( 25% ) 3 (13,6%)
90 + 3 ( 50% ) 3 (37.5%)
13 (17.33%) 8 (10,9%)
DEATHS RELATED TO AGE. DAYS 0-28 AFTER OPERATION 
TABLE 28
Age (y) GA (n=75) SAB (n=73)
< 70 0 ( o% ) 1 (. 4,5% )
70 - 79 8 (24.2%) 3 (14.3% )
80 —- 89 5 ( 25% ) 6 (27.2% )
90 + 4 (66.6%) 6 ( 75% )
17 (22.66%) 16 (21.9%)
DEATHS RELATED TO AGE. DAY O-lOO AFTER OPERATION
TABLE 29
^ _____________________________________
Age (y) GA (n=75) SAB (n=73)
< 70 1 (6.25% ) 3 (13.6% )
70 ~ 79 12 (36.4% ) 7 ( 35% )
80 - 89 7 ( 35% ) 10 (45.4% )
90 + 5 (83.3% ) 6 ( 75% )
25 (33.3% ) 26 (35.6% )
DEATHS IN FIRST YEAR AFTER OPERATION 
TABLE 30
  .     _ _ - - '
Causes of Death GA Group
No. of days after operation Age Sex Recorded Cause of Death
0 89 :f Carcinoma, CCF, Haematemesis
4 87 F CVA, Bronchopneumonia
5 85 M PTE, pneumonia
6 86 F Bronchopneumonia
7 91 F PTE
8 74 M Bronchopneumonia
8 74 F ? PTE
9 92 F Pneumonia
9 78 M Aortic thrombosis
9 74 F Bronchopneumonia
12 73 F Myocardial Infarction, CCF
13 92 F Not known
16 88 F Not known
35 91 F Uraemia
63 73 F Bronchopneumonia
70 75 M Bronchopneumonia
96 75 F Not known
116 72 M Carcinoma
116 50 M CVA + pulmonary oedema (autopsy)
162 78 F Bronchopneumonia
164 87 F Bronchopneumonia
195 73 M Ruptured aortic aneurysm
221 75 F Bronchopneumonia
267 87 F Bronchopneumonia
308 95 F Myocardial Infarction
Abbreviations : CCP CVA Congestive cardiac failure Cerebro vascular accidentPTE Pulmonary thrombo embolism
RECORDED CAUSE AND TIME OF DEATH 
GA Group
TABLE 31
■
Causes of Death SAB GROUP
of days after operation Age Sex Recorded Cause of Death
1 92 F Carcinoma, CCp
5 78 F Pneumonia
12 84 F Bronchopneumonia
15 87 M Pneumonia, CCF
18 92 F ? CCF
21 90 F Bronchopneumonia
26 76 M PTE
27 83 F Endotoxic shock, Cholecysi
34 84 F PTE
35 94 M Left ventricular failure
39 94 F Myocardial Infarction
43 77 M Renal and hepatic failure
43 93 F Aortic thombosis
51 81 P ? CCF
68 83 M ? Bronchopneumonia
100 67 F Bronchopneumonia
109 88 F Bronchopneumonia
131 63 F Lympho sarcoma
135 82 F CVA
141 81 M ? Pneumonia
216 78 F Bronchopneumonia, CVA
251 78 F Carcinoma
256 65 P Pneumothorax
260 75 F Bronchopneumonia
260 73 F CVA,
336 80 F Bronchopneumonia
RECORDED CAUSE AND TIME OF DEATH 
SAB Group
TABLE 32
FITNESS SCORES '*3'
(see chapter 1) GA SAB GA SAB GA SAB
"Overall" Total 34 38 32 25 9 10scores Allocated
Deaths 
(days) 0 - 2 8 3 2 5 3 5 3
29 - 365 5 7 6 7 1 4
8 9 11 10 6 7
CVS Total 51 44 22 26 2 3scores Allocated
Deaths 0 - 2 8 7 2 5 5 1 1(days)
29 - 365 8 11 3 6 1 1
15 13 8 11 2 2
GNS Total 45 47 29 24 1 2scores Allocated
Deaths 0 - 2 8 5 7 8 1 0 0(days)
29 - 365 6 7 5 11 1 0
11 14 13 12 1 0
RS Total 62 56 9 13 4 4
scores Allocated
Deaths 0 - 2 8 9 5 1 1 3 2(days)
29 - 365 11 12 1 5 0 1
20 17 2 6 3 3
NUMBER OF PATIENTS DYING IN EACH ANAESTHETIC GROUP 
RELATED TO PRE-OPERATIVE FITNESS SCORING ALLOCATION
TABLE 33
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8 p a t i e n t s  i n  t h e  GA g ro u p  r e q u i r e d  p s y Q h o g e r i a t r i c  c a r e  
b u t  6 o f  t h e s e  had been  a d m i t t e d  f rom such  i n s t i t u t i o n s .  In  t h e  
SAB g r o u p ,  6 r e q u i r e d  p s y c h o g e r i a t r i c  c a r e ,  f r o m  w h ic h  4 o f  
t h e s e  had b e e n  a d m i t t e d .
2 p a t i e n t s  i n  t h e  GA g r o u p  and 6 i n  t h e  SAB g r o u p  r e q u i r e d  
r e - o p e r a t i o n  o f  t h e  f r a c t u r e  r e p a i r .
[ 5 . 5 ]  D i s c u s s i o n
The m os t  i m p o r t a n t  f i n d i n g s  o f  t h i s  s t u d y  a r e ,  t h a t  w h i l e  
s p i n a l  a n a e s t h e s i a  i s  a s s o c i a t e d  w i t h  a s i g n i f i c a n t l y  l o w e r  
e a r l y  p o s t - o p e r a t i v e  m o r t a l i t y  t h a n  g e n e r a l  a n a e s t h e s i a ,  t h e  
l o n g  t e r m  m o r t a l i t y  and ou tcom e  o f  b o th  a n a e s t h e t i c  g r o u p s  a r e  
v i r t u a l l y  i d e n t i c a l .  D i s c u s s i o n  o f  t h e  p a t t e r n  o f  e a r l y  p o s t ­
o p e r a t i v e  m o r t a l i t y  i s  o f  i n t e r e s t ,  d e s p i t e  t h e  f a c t  t h a t  t h e  
d i f f e r e n c e s  o b s e r v e d  a r e  s h o r t  l i v e d  and w o u ld  h a v e  been  m os t  
m i s l e a d i n g  i f  f o l l o w - u p  had  n o t  been  of  s u f f i c i e n t  d u r a t i o n .
[ 5 .6 ]  E a r l y  P o s t - o p e r a t i v e  M o r t a l i t y
I t  i s  i m p o r t a n t  t o  e m p h a s i s e  t h a t  d i s c u s s i o n  o f  f a c t o r s  
l e a d i n g  t o  t h e  d i f f e r e n c e s  s e e n  i n  m o r t a l i t y  r a t e s  b e t w e e n  t h e  
a n a e s t h e t i c  g r o u p s  i n  t h e  e a r l y  p o s t - o p e r a t i v e  p e r i o d ,  a r e  
s p e c u l a t i v e  and by no means  p ro v e n .  However,  f ro m  t h e  d a t a  
a l r e a d y  p r e s e n t e d  i n  e a r l i e r  c h a p t e r s  of  t h i s  t h e s i s  and  f rom  
o t h e r  s o u r c e s ,  a v e r y  p l a u s i b l e  w o r k i n g  h y p o t h e s i s  may be 
p r e s e n t e d  w h ic h  w o u ld  h o w e v e r ,  be e x t r e m e l y  d i f f i c u l t  t o  p ro v e  
c o n c l u s i v e l y .
The h y p o t h e s i s  i s  t h a t  t h e  d i f f e r e n c e s  i n  m o r t a l i t y  r a t e s  
can  be e x p l a i n e d  by d i f f e r e n c e s  i n  t h e  f r e q u e n c y  o f  t h r o m b o ­
e m b o l i c  phenomena.
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The d i f f e r e n c e s  b e t w e e n  t h e  g ro u p s  i n  r e s p e c t  of  DVT have  
been  d i s c u s s e d  a t  l e n g t h  i n  c h a p t e r  3 and p r o b a b l y  o f f e r  t h e  
s t r o n g e s t  s u p p o r t i v e  e v i d e n c e  f o r  t h e  h y p o t h e s i s .
F a t a l  p u lm o n a ry  t h r o m b o - e m b o l i s m  w ou ld  seem more  l i k e l y  i n  
t h e  g roup  w i t h  t h e  h i g h e r  i n c i d e n c e  o f  DVT a l t h o u g h ,  a s  
d i s c u s s e d  e a r l i e r  ( c h a p t e r  3) , t h i s  i s  n o t  an  a s s e r t i o n  one can
make w i t h  c e r t a i n t y  and a r e d u c t i o n  i n  DVT i n c i d e n c e  i s  n o t
n e c e s s a r i l y  a c c o m p a n i e d  by a r e d u c t i o n  i n  o v e r a l l  m o r t a l i t y ,
A f u l l  d i s c u s s i o n  a b o u t  b lo o d  v i s c o s i t y  h a s  a l r e a d y  been  
p r e s e n t e d  b u t  i t  i s  w o r t h  r e - i t e r a t i n g  t h a t ,  a p a r t  f rom  e f f e c t s  
on l i a b i l i t y  t o  DVT and t h u s ,  p u lm o n a ry  t h r o m b o - e m b o l i s m , 
c h a n g e s  i n  b lo o d  v i s c o s i t y  m i g h t  be e x p e c t e d  t o  a f f e c t  
p e r f u s i o n  and r i s k  o f  t h r o m b o s i s  i n  t h e  a r t e r i a l  s y s t e m .  Thus,  
i n c i d e n c e  o f  m y o c a r d i a l  i n f a r c t i o n  and c e r e b r o - v a s c u l a r  
a c c i d e n t  m i g h t  be a f f e c t e d .  The c h a n g e s  i n  v i s c o s i t y  fo u n d  a r e  
c e r t a i n l y  i n  l i n e  w i t h  t h e  w o r k i n g  h y p o t h e s i s ,  a s  i s  t h e  o t h e r  
e v i d e n c e  ( a l r e a d y  p r e s e n t e d )  o f  d i f f e r e n t  c h a n g e s  i n  b lo o d  
c o a g u l a b i l i t y  a s s o c i a t e d  w i t h  t h e  a n a e s t h e t i c  t e c h n i q u e s .
The c l u s t e r i n g  o f  d e a t h s  i n  t h e  GA g ro u p  b e t w e e n  t h e  6 t h  
and 16t h  p o s t - o p e r a t i v e  d a y s  i s  c l a s s i c a l l y  t h a t  t h o u g h t  t o  be 
c h a r a c t e r i s t i c  o f  p u lm o n a ry  t h r o m b o - e m b o l i s m .  T h e re  i s  no such  
p a t t e r n  o f  c l u s t e r i n g  i n  t h e  SAB group .
The l i s t s  o f  c a u s e s  o f  d e a t h  i n  t h e  f i r s t  28 d ay s  a f t e r  
o p e r a t i o n  ( t a b l e s  31 and 32) c e r t a i n l y  show a p r e p o n d e r e n c e  o f  
t h r o m b o t i c  and t h r o m b o - e m b o l i c  c a u s e s  o f  d e a t h  i n  t h e  GA g ro u p .  
However b e c a u s e  o f  t h e  i n a c c u r a c y  of  r e c o r d e d  c a u s e  o f  d e a t h  
i n  t h e  a b s e n c e  o f  p o s t - m o r t e m  e x a m i n a t i o n ,  and b e c a u s e ,  f o r  
e x a m p le ,  p u lm o n a ry  e m b o l i s m  may be m i s d i a g n o s e d  a s  p n eum on ia  
( and  v i c e  v e r s a )  no g r e a t  w e i g h t  may be a t t r i b u t e d  t o  t h i s
113
e v i d e n c e .
I n  o r d e r  t o  p ro v e  t h e  h y p o t h e s i s ,  p o s t - m o r t e m  e x a m i n a t i o n  
w ou ld  need  t o  be p e r f o r m e d  on a l l  p a t i e n t s  d y in g  i n  t h e  f i r s t  
month o r  so a f t e r  s u r g e r y ,  i n  b o th  a n a e s t h e t i c  g r o u p s .  I t  
w ou ld ,  t o  say  t h e  l e a s t ,  be d i f f i c u l t  and c o s t l y  t o  mount such  
an e x e r c i s e ,  and i t  h a s  n o t ,  t o  t h e  a u t h o r ' s  k n o w le d g e ,  b e e n  
a t t e m p t e d  i n  any s t u d y  i n v o v i n g  c o m p a r i s o n s  o f  a n a e s t h e t i c  
t e c h n i q u e .  R i s k a  (1970) s t u d i e d  470 p a t i e n t s  w i t h  f r a c t u r e d  
neck  o f  f e m u r  and o b t a i n e d  p o s t - m o r t e m  e x a m i n a t i o n s  i n  82 o f  
t h e  87 p a t i e n t s  who d i e d  w i t h i n  one month  of  t h e  f r a c t u r e .  
Pneum onia  was  t h e  c a u s e  o f  d e a t h  i n  25,3$ o f  p a t i e n t s ,  
p u lm o n a ry  em bo lus  i n  19 .5$,  s t r o k e  i n  12.6$,  m y o c a r d i a l  
i n f a r c t i o n  i n  9.2$ and a v a r i e t y  o f  o t h e r  c a u s e s  i n  t h e  
r e m a i n d e r .
[ 5 .7 ]  O th e r  S t u d i e s
Two o t h e r  s t u d i e s  h a v e  shown a s i g n i f i c a n t  e f f e c t  of  
a n a e s t h e t i c  t e c h n i q u e  on p o s t - o p e r a t i v e  m o r t a l i t y  a f t e r  
f r a c t u r e d  neck  o f  f e m u r .
The s t u d y  by McLaren e t  a l  (1978)  c a u s e d  c o n s i d e r a b l e  
i n t e r e s t  i n  B r i t i s h  a n a e s t h e t i c  c i r c l e s .  53 p a t i e n t s  w e re  
a l l o c a t e d  t o  r e c e i v e  g e n e r a l  a n a e s t h e s i a  ( w i t h  IPPV) o r  s p i n a l  
a n a e s t h e s i a .  As d i s c u s s e d  e a r l i e r  ( c h a p t e r  1.9) ,  d e s p i t e  
s u b s t a n t i a l  d i f f e r e n c e s  i n  m e th o d o lo g y  from t h e  p r e s e n t  s t u d y ,  
a s i g n i f i c a n t l y  r e d u c e d  e a r l y  p o s t - o p e r a t i v e  m o r t a l i t y  was  
a s s o c i a t e d  w i t h  s p i n a l  (3 .8$)  co m pared  w i t h  g e n e r a l  a n a e s t h e s i a  
(31$) .  The p a t i e n t s  w e r e ,  h o w e v e r ,  o n l y  f o l l o w e d  up f o r  28 
d a y s ,  and a s  h a s  become c l e a r  f ro m  t h e  p r e s e n t  s t u d y  and t h a t  
o f  S p r e a d b u r y  (1980 ) ,  t h a t  i s  an  i n a d e q u a t e  l e n g t h  o f  f o l l o w -
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up. A d i f f e r e n c e  i n  i n c i d e n c e  o f  t h r o m b o - e m b o l i  sin was a l s o  
c o n s i d e r e d  by McLaren e t  a l  (1978) t o  be t h e  m o s t  l i k e l y  
e x p l a n a t i o n  o f  t h e  m o r t a l i t y  d i f f e r e n c e s  a l t h o u g h  t h e i r  s t u d y  
d i d  n o t  a t t e m p t  t o  e l u c i d a t e  t h i s .
S p r e a d b u r y  (1980) com pared  g e n e r a l  a n a e s t h e s i a  i n c l u d i n g  
c o n t r o l l e d  v e n t i l a t i o n  ( w i t h  d e t a i l s  o f  t e c h n i q u e s  l e f t  t o  t h e  
c h o i c e  o f  t h e  a n a e s t h e t i s t )  and a n a e s t h e s i a  w i t h  k e t a m i n e  w i t h  
o r  w i t h o u t  d ia z e p a m .  Only t h o s e  p r e v i o u s l y  a m b u l a n t  and f i t  f o r  
i m m e d i a t e  o p e r a t i o n  w e re  i n c l u d e d .  I t  was  t h u s  a v e r y  
s e l e c t i v e  s t u d y ,  and t h e  g r o u p s  w e re  n o t  c o m p a r a b l e ,  t h e  
k e t a m i n e  g roup  h a v i n g  a s i g n i f i c a n t l y  s h o r t e r  mean o p e r a t i n g  
t i m e  and more  s e n i o r  a n a e s t h e t i s t  and s u r g e o n .  F i t n e s s  
" s c o r e s "  w e re  a l s o  n o t  e q u a l l y  d i s t r i b u t e d .  The " r e l a x a n t "  
g r o u p  r e c e i v e d  a v a r i e t y  o f  a n a e s t h e t i c  a g e n t s .  However ,  
d e s p i t e  t h e s e  q u a l i f i c a t i o n s  i t  i s  i n t e r e s t i n g  t h a t  t h e r e  was  a 
s i g n i f i c a n t l y  l o w e r  m o r t a l i t y  r a t e  i n  t h e  k e t a m i n e  g r o u p  (3.3$) 
i n  t h e  f i r s t  15 days  a f t e r  o p e r a t i o n  com pared  w i t h  t h e  
" r e l a x a n t "  g ro u p  (23 .3$) .  However  l a t e  d e a t h s  r e s u l t e d  i n  t h e  
e v e n t u a l  m o r t a l i t y  r a t e s  b e i n g  t h e  same f o r  b o th  g r o u p s  (30$).  
T h i s  p a t t e r n  s eem s  t o  be v e r y  s i m i l a r  t o  t h a t  s e e n  i n  t h e  
p r e s e n t  s t u d y  a l t h o u g h  a n a e s t h e t i c  t e c h n i q u e s  u s e d  w ere  
c o m p l e t e l y  d i f f e r e n t .  W he the r  a  d i f f e r e n c e  i n  t h r o m b o e m b o l i c  
e v e n t s  a l s o  o c c u r r e d  i n  t h a t  s t u d y  i s  unknown. S p r e a d b u r y  
condemns t h e  t e c h n i q u e  o f  g e n e r a l  a n a e s t h e s i a  w i t h  IPPV d e s p i t e  
t h e  i d e n t i c a l  l o n g  t e r m  ou tcom e .
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o t h e r  p u b l i s h e d  s t u d i e s  c o m p a r in g  m o r t a l i t y  r a t e s  a f t e r  
r e g i o n a l  o r  g e n e r a l  a n a e s t h e s i a  f o r  f r a c t u r e d  neck  o f  f e m u r  
have  n o t  shown any s i g n i f i c a n t  d i f f e r e n c e s .  W ic k s t ro m ,  Holm berg  
and S t e f a n s s o n  (1983)  c o m p ared  f i v e  d i f f e r e n t  a n a e s t h e t i c  
t e c h n i q u e s  f o r  r e p a i r  of  h i p  f r a c t u r e  and f o l l o w e d  p a t i e n t s  f o r  
4 y e a r s  a f t e r  o p e r a t i o n .  169 p a t i e n t s  w e re  s t u d i e d  and t h e  
t e c h n i q u e s  u s e d  i n c l u d e d  e p i d u r a l ,  n e u r o l e p t ,  k e t a m i n e ,  
h a l o t h a n e  and e n f l u r a n e  a n a e s t h e s i a .  No d i f f e r e n c e s  i n  ou tcom e  
w e re  f o u n d  b e t w e e n  t h e  g r o u p s .  M o r t a l i t y  a t  1 month was  o n ly  
6 . 5 $ ,  an d  a t  6 m o n t h s ,  1 7 . 2 $. 50.3% o f  p a t i e n t s  w e r e  a l i v e  a t  4 
y e a r s  a f t e r  o p e r a t i o n .  Each g r o u p  c o n t a i n e d  r e l a t i v e l y  few 
p a t i e n t s ,  num bers  r a n g i n g  f ro m  19 t o  54. They w ere  s i g n i f i c a n t  
d i f f e r e n c e s  i n  age d i s t r i b u t i o n  and d i s t r i b u t i o n  o f  s i t e  of  
f r a c t u r e  b e t w e e n  t h e  g r o u p s ,  t h u s  s e v e r e l y  l i m i t i n g  t h e  
i n t e r p r e t a t i o n  and  v a l u e  o f  t h e  s tu d y .
D av is  and L a u r e n s o n  (1981)  i n  a s t u d y  o f  132 p a t i e n t s  
h a v i n g  r e p a i r  o f  f r a c t u r e d  neck  o f  f e m u r  w i t h  s p i n a l  o r  g e n e r a l  
a n a e s t h e s i a ,  f o u n d  a m o r t a l i t y  i n  t h e  f i r s t  4 w eeks  a f t e r  
s u r g e r y  of  4.7$ i n  t h e  SAB g r o u p  and 13.2% i n  t h e  GA g ro u p  b u t  
t h i s  d i f f e r e n c e  d i d  n o t  r e a c h  s t a t i s t i c a l  s i g n i f i c a n c e .
[ 5 . 8 ]  Long Term Outcome
In  t h e  p r e s e n t  s t u d y ,  l o n g  t e r m  ou tcom e  w as  n e a r l y  
i d e n t i c a l  i n  b o th  a n a e s t h e t i c  g ro u p s .  M o r t a l i t y  i n  t h e  GA 
g r o u p  " l e v e l l e d  o f f "  t o  a c e r t a i n  e x t e n t  a b o u t  t h e  17 th  day 
a f t e r  s u r g e r y .  However,  i n  t h e  SAB g roup  m o r t a l i t y  d i d  n o t  
b e g i n  t o  l e v e l  o f f  u n t i l  t h e  end o f  t h e  s e c o n d  m onth  ( f i g u r e  
11). I t  i s  d i f f i c u l t  t o  e x p l a i n  t h e  h i g h e r  r a t e  o f  m o r t a l i t y  
i n  t h e  s e c o n d  month  i n  t h e  SAB g ro u p  w h ic h  l e a d s  t o  i t s
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" c a t c h i n g  up" w i t h  t h e  m o r t a l i t y  of  t h e  GA g ro u p  a l t h o u g h  i t  
w ou ld  seem t h a t  d e a t h s  w e re  p r e c i p i t a t e d  i n  t h e  GA g ro u p  w h i l e  
no such  e f f e c t  o c c u r r e d  i n  t h e  SAB g roup .
The mean d u r a t i o n  o f  s t a y  when a l l  h o s p i t a l  c a r e  i s  
i n c l u d e d  i s  s t r i k i n g  (84.4 days )  e s p e c i a l l y  when com pared  w i t h  
a p u b l i s h e d  f i g u r e  o f  35.3 days  ( S c o t t i s h  H o s p i t a l  I n p a t i e n t  
S t a t i s t i c s ,  1978).  The p r e s e n t  s t u d y  r e a s s e r t s  t h e r e f o r e  t h e  
s i z e  o f  t h e  p ro b le m  and t h e  en o rm o u s  b u r d e n  on r e s o u r c e s  t h a t  
i t  r e p r e s e n t s .
I t  was  n o t  t h e  p u r p o s e  of  t h e s e  s t u d i e s  t o  p ro d u c e  
p r e d i c t o r s  o f  ou tcom e .  However ,  a s  i n  o t h e r  s t u d i e s ,  m o r t a l i t y  
i n c r e a s e s  w i t h  age w h e t h e r  ex a m in e d  a t  28 d a y s ,  100 days  o r  one 
y e a r  a f t e r  o p e r a t i o n  ( t a b l e s  2 8 -3 0 ) .  The e x t r e m e l y  h i g h  
m o r t a l i t y  i n  t h e  v e r y  e l d e r l y  i s ,  ho w ev e r ,  d i s t u r b i n g .  
N o n e t h e l e s s  i t  m u s t  be r e m e m b e re d  t h a t  t h e  o p e r a t i v e  t r e a t m e n t  
of  f r a c t u r e d  neck  o f  f e m u r  i s  i m p o r t a n t  a s  a  m e thod  o f  p a i n  
r e l i e f ,  e n a b l i n g  m o b i l i s a t i o n  and g r e a t l y  a i d i n g  n u r s i n g  c a r e .  
To condemn t h e  v e r y  e l d e r l y  t o  a m i s e r a b l e ,  i m m o b i l e ,  p a i n f u l  
end  t o  t h e i r  l i v e s  b e c a u s e  o f  t h e  "poor"  r e s u l t s  o f  o p e r a t i v e  
t r e a t m e n t  w o u ld  seem m o s t  inhum ane .
The t r e n d  t o w a r d  an i n c r e a s e d  r i s k  o f  m o r t a l i t y  r e l a t e d  t o  
po o r  p r e - o p e r a t i v e  c o n d i t i o n  i s  n o t  a s u r p r i s i n g  f i n d i n g .  
C a u t i o n  m us t  be e x e r c i s e d  i n  e v a l u a t i o n  o f  t h i s  a s p e c t  o f  t h e  
r e s u l t s  a s  s c o r e s  w e r e  a s s e s s e d  f rom  t h e  r e c o r d s  a f t e r  t h e  
c o m p l e t i o n  o f  t h e  s t u d y ,  and t h u s  a r e  n o t  a s  a c c u r a t e  a s  a 
p r o s p e c t i v e  a s s e s s m e n t .  However ,  i n  t h e  a u t h o r ' s  o p i n i o n ,  t h e y  
r e p r e s e n t  a u s e f u l  a s s e s s m e n t  o f  t h e  p a t i e n t s ’ f i t n e s s  b a s e d  on 
c a s e  h i s t o r i e s  a v a i l a b l e  a t  t h e  t i m e  of  o p e r a t i o n ,  and t h e  
s c o r e s  w e re  r e s t r i c t e d  t o  a s c a l e  o f  1-3.
 :  _ _ _ _ _____
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The p e r c e n t a g e  o f  a l l  p a t i e n t s  i n  t h e  s t u d y  who r e t u r n e d  
home was  o n ly  47.3$» a s u r p r i s i n g l y  low f i g u r e .  However ,  t h i s  
i s  t h e  p e r c e n t a g e  of  t h e  w h o le  s t u d y  p o p u l a t i o n .  131 p a t i e n t s  
w e r e  a d m i t t e d  f ro m  home and 79 (50.3$) o f  t h e s e  r e t u r n e d .  T h i s  
c o m p a re s  w i t h  70$ o f  50 p a t i e n t s  i n  t h e  s t u d y  by S p r e a d b u r y  
(1980) b u t  t h a t  s t u d y  was s e l e c t i v e  and t h u s  n o t  c o m p a r a b l e
w i t h  t h e  p r e s e n t  s tu d y .
g>
[ 5. 9 ] O th e r  S t u d i e s  o f  Outcome Not C o n s i d e r i n g  A n a e s t h e t i c  
Method
T h e re  i s  a g r e a t  am ount o f  l i t e r a t u r e  on t h e  s u b j e c t  o f  
o u tc om e  a f t e r  f r a c t u r e d  neck  o f  f e m u r  b u t  t h e  u s e f u l n e s s  of  any 
c o m p a r i s o n  o f  t h e  p r e s e n t  s t u d y  w i t h  o t h e r s  i s  s e v e r e l y  l i m i t e d  
by t h e  v a r i a b i l i t y  o f  many f a c t o r s ,  i n c l u d i n g ,
1. O p e r a t i v e  or  c o n s e r v a t i v e  t r e a t m e n t .
2. D e lay  b e f o r e  o p e r a t i v e  t r e a t m e n t .
3 . Type o f  o p e r a t i v e  t r e a t m e n t .
4. Age, s e x  d i s t r i b u t i o n  and s o c i a l  b a c k g ro u n d .
5 . L en g th  o f  h o s p i t a l i z a t i o n .
6. Type o f  p o s t - o p e r a t i v e  management.
7 . L e n g th  o f  f o l l o w - u p  and n um be rs  l o s t  t o  f o l l o w - u p .
F u r t h e r ,  m o r t a l i t y  f i g u r e s  a r e  f r e q u e n t l y  q u o t e d  a s
" h o s p i t a l  m o r t a l i t y "  -  a  r e s u l t  w h ic h  i s  m e a n i n g l e s s  a s  r e g a r d s  
c o m p a r i s o n  b e t w e e n  s t u d i e s ,  a s  d i s c h a r g e  and c o n v a l e s c e n t  
p o l i c i e s  may p r o f o u n d l y  a f f e c t  t h e  a p p a r e n t  r e s u l t s .
The m o r t a l i t y  r a t e s  a t  1 month  i n  t h e  p r e s e n t  s t u d y  w e re  
11$ i n  t h e  SAB g r o u p  and 17.3$ i n  t h e  GA g ro u p ,  an  o v e r a l l  
m o r t a l i t y  r a t e  o f  14.2$. R i s k a  (1970) fo u n d  m o r t a l i t y  i n  
p a t i e n t s  w i t h  s u r g i c a l l y  t r e a t e d  f r a c t u r e d  neck  o f  f e m u r  t o  be
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12$ a t  one month  a f t e r  o p e r a t i o n ,  com pared  w i t h  40$ i n  t h o s e  
t r e a t e d  c o n s e r v a t i v e l y .  T ha t  s t u d y  i n c l u d e d  p a t i e n t s  t r e a t e d  by 
p r i m a r y  h i p  p r o s t h e s i s  b u t  t h i s  p r o c e d u r e  was fo u n d  t o  be 
a s s o c i a t e d  w i t h  a s l i g h t l y  l o w e r  m o r t a l i t y  r a t e  (9 .8$) a l t h o u g h  
t h e  d i f f e r e n c e  was n o t  s i g n i f i c a n t ,
W i c k s t ro m  e t  a l  (1982) fo u n d  a m o r t a l i t y  r a t e  a t  one month  
o f  o n l y  6.5$ w i t h  a v a r i e t y  o f  a n a e s t h e t i c  t e c h n i q u e s  
( m e n t i o n e d  p r e v i o u s l y ) ,  J e n s e n  and T on d ev o ld  (197 9) f o u n d  a 10$ 
m o r t a l i t y  a t  one m onth  i n  a l a r g e  s t u d y  o f  1592 p a t i e n t s  w i t h
h i p  f r a c t u r e s .  O p e r a t i v e  t r e a t m e n t  d i d ,  h o w e v e r  i n c l u d e  p r i m a r y
p r o s t h e s i s  a s  w e l l  a s  " p i n  and p l a t e "  r e p a i r .
M o r t a l i t y  a t  3 m on ths  a f t e r  s u r g e r y  was  21.6$ i n  t h e  
p r e s e n t  s t u d y .  T h i s  c o m p a r e s  w i t h  22$ i n  t h e  s t u d y  by Gordon
(1971)» and  17$ i n  t h e  l a r g e  s t u d y  by J e n s e n  and  T o n d ev o ld
(1 979). A s t u d y  by Ohman, B j o r k e g r e n  and F a h l s t r o m  (196 9) fo u n d  
a m o r t a l i t y  o f  11.4$ a t  3 m on ths ,  Karumo (1977)  a l s o  f o u n d  a 
low m o r t a l i t y  a t  3 m o n th s  o f  11.5$,  b u t  o v e r  50$ o f  p a t i e n t s  
r e c e i v e d  p r o p h y l a c t i c  o r a l  a n t i - c o a g u l a t i o n  and t h i s  may w e l l  
ha v e  been  a c r u c i a l  f a c t o r  i n  t h e  i m p r o v e d  s u r v i v a l .
The m o r t a l i t y  r a t e  a t  one y e a r  a f t e r  s u r g e r y  i s  a l s o  
q u o t e d  by s e v e r a l  a u t h o r s .  I n  t h e  p r e s e n t  s t u d y  i t  was  33,1$,  
Ohman e t  a l  (1969) f o u n d  i t  t o  be 20$ a t  one y e a r ,  B e a l s
(1972) ,  50$,  G ordon (1971)» 36 .2$ ,  C o l b e r t  and  O 'M u i r c h e a r t a i g h  
(1 9 7 6 ) ,  28$,  J e n s e n  and  T o n d e v o ld  (1979 ) ,  27$ ,  and W i c k s t r o m  e t  
a l  ( 1 9 8 2 ) ,  2 4 . 9 $ .
R e t u r n  o f  o b s e r v e d  m o r t a l i t y  r a t e s  t o  t h a t  p r e d i c t e d  f o r
t h e  s t u d y  p o p u l a t i o n  was  f o u n d  t o  o c c u r  a t  3 m o n th s  a f t e r
f r a c t u r e  by A l f f r a m  (1964) ,  C o l b e r t  and  O 'M u i r c h e a r t a i g h  (1976)
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f o u n d  i t  t o  be a t  6 m o n th s  and  J e n s e n  and T on d ev o ld  (197 9) a t  
1.6 y e a r s .  T h i s  c o m p a re s  w i t h  a p p r o x i m a t e l y  8 m on ths  o v e r a l l  
i n  t h e  p r e s e n t  s t u d y .
I n  summary ,  i t  a p p e a r s  t h a t  o v e r a l l  m o r t a l i t y  r e s u l t s  i n  
t h e  p r e s e n t  s t u d y  a r e  b r o a d l y  c o m p a r a b l e  w i t h  o t h e r  p u b l i s h e d  
s t u d i e s ,  b e a r i n g  i n  mind t h e  many v a r i a b l e s  t h a t  e x i s t  b e t w e e n  
s t u d i e s .  F u r t h e r  i n v e s t i g a t i o n  o f  any e f f e c t  o f  v a r i a t i o n  i n  
g e n e r a l  a n a e s t h e t i c  t e c h n i q u e ,  p a r t i c u l a r l y  t h e  u s e  o f  
c o n t r o l l e d  v e n t i l a t i o n  and  m u s c l e  r e l a x a n t s  w ou ld  seem 
i n d i c a t e d ,  p a r t i c u l a r l y  a s  t h e  u s e  o f  such  t e c h n i q u e s  i s  
c o n s i d e r e d  by some a n a e s t h e t i s t s  t o  be d e s i r a b l e  f o r  many 
p a t i e n t s  u n d e r g o i n g  r e p a i r  o f  h i p  f r a c t u r e .
C o m p a r i s o n  o f  l e n g t h  o f  s t a y  i s  a l m o s t  m e a n i n g l e s s  a s  i t  
i s  a f f e c t e d  by so  many v a r i a b l e s  i n c l u d i n g  a v a i l a b l e  
c o n v a l e s c e n t  f a c i l i t i e s .  However one o t h e r  s t u d y  ( J e n s e n  and 
Tond ev o ld ,  1979) f o u n d  mean s t a y  i n  t h e  a c u t e  h o s p i t a l  t o  be 24 
d a y s ,  co m pared  w i t h  42,9 days  i n  t h e  p r e s e n t  s t u d y .
The p e r c e n t a g e  o f  p a t i e n t s  a d m i t t e d  f ro m  home who r e t u r n e d  
t h e r e  was  60.3$ i n  t h e  p r e s e n t  s t u d y .  O th e r  q u o t e d  f i g u r e s  
v a r y  c o n s i d e r a b l y ,  p o s s i b l y  b e c a u s e  t h e y  o f t e n  o m i t  t o  say  
w h e t h e r  t h e y  i n c l u d e  p a t i e n t s  a d m i t t e d  f rom  home. V a r i o u s  
p e r c e n t a g e s  o f  p a t i e n t s  r e t u r n i n g  home a r e ;  46$ ( C a m b l in ,
1974) ,  52$ ( P o i g e n f u r s t  and  S c h n a b l ,  1977),  55$ ( S m i t h  and  
M cLaughlan ,  1975) and  67$ (C e d e r ,  E l m q v i s t  and S v en s o n ,  1981).  
C eder  , L i n d b e r g  and  Odberg (1980)  f o u n d  t h a t ,  i n  two s e r i e s ,  
48$ r e t u r n e d  home i n  1966 and 66$ i n  1972-1973* J e n s e n ,  
T o n d ev o ld  and  S o r e n s o n  (1979 ) ,  h o w e v e r ,  f o u n d  t h a t  82,4$ o f  
p a t i e n t s  who had  come f ro m  home r e t u r n e d  t h e r e .
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[ 5 . 1 0 ]  C o n c l u s i o n s
The p r e s e n t  s t u d y  h a s  d e m o n s t r a t e d  a h i g h  m o r t a l i t y  and 
p r o l o n g e d  h o s p i t a l  s t a y  i n  b o th  a n a e s t h e t i c  g r o u p s  w i t h  o n ly  
60.3$ o f  t h o s e  a d m i t t e d  f rom  home r e t u r n i n g  t h e r e .  T here  i s ,  
h o w e v e r ,  a s i g n i f i c a n t  r e d u c t i o n  i n  e a r l y  p o s t - o p e r a t i v e  
m o r t a l i t y  i n  t h e  SAB g r o u p  f o r  w h ich  t h e  h y p o t h e s i s  of  a 
d i f f e r e n c e  i n  i n c i d e n c e  of  t h r o m b o - e m b o l i c  e v e n t s  h a s  been  p u t  
f o r w a r d  and s u p p o r t i v e  e v i d e n c e  p r e s e n t e d .
W h e th e r  t h e  r e d u c t i o n  i n  e a r l y  m o r t a l i t y  a s s o c i a t e d  w i t h  
s p i n a l  a n a e s t h e s i a  i s  i m p o r t a n t  i s  d e b a t a b l e  b u t ,  c e r t a i n l y ,  
s p i n a l  a n a e s t h e s i a  does  n o t  seem, on p r e s e n t  e v i d e n c e ,  t o  
c o n f e r  any l o n g  t e rm  b e n e f i t .  I t  i s  n o t  p o s s i b l e  t o  say f rom 
t h e  p r e s e n t  s t u d y  w h e t h e r  any i n d i v i d u a l  p a t i e n t s  m i g h t  
b e n e f i t .  However ,  t h e  d i f f e r e n c e  i n  e a r l y  m o r t a l i t y  i s  o f  
c o n s i d e r a b l e  t h e o r e t i c a l  i n t e r e s t ,  a l o n g  w i t h  t h e  c o n f i r m a t o r y  
e v i d e n c e  p r e s e n t e d  i n  p r e v i o u s  c h a p t e r s  and t h e  p o s s i b l e  
i m p l i c a t i o n s  f o r  o t h e r  g r o u p s  o f  p a t i e n t s .  S t u d i e s  to  show 
w h e t h e r  any l o n g  t e r m  a d v a n t a g e s  a c c r u e  i n  o t h e r  g r o u p s  of  
p a t i e n t s  a r e  r e q u i r e d .
S t u d i e s  a r e  a l s o  r e q u i r e d  t o  a s s e s s  w h e t h e r  s p i n a l  
a n a e t h e s i a  i s  a s s o c i a t e d  w i t h  r e d u c e d  m o r b i d i t y ,  w i t h  
p a r t i c u l a r  r e s p e c t  to  o o n f u s i o n a l  s t a t e s  i n  t h e  e l d e r l y .  
E v i d e n c e  e x i s t s  o f  t h e  s u p e r i o r i t y  o f  e p i d u r a l  a n a e s t h e s i a  i n  
t h i s  r e s p e c t  (H ole ,  T e r j e s e n  and B r e i v i k ,  (1980) .  Only 
a n e c d o t a l  e v i d e n c e ,  b a s e d  on f e e d b a c k  f rom  n u r s i n g  s t a f f  
a l r e a d y  a w a re  of  t h e  a n a e s t h e t i c  t e c h n i q u e  u s e d  and  t h e  
n o t o r i o u s l y  u n r e l i a b l e  " c l i n i c a l  i m p r e s s i o n " ,  h a s  s u g g e s t e d  t h e  
s u p e r i o r i t y  o f  s p i n a l  a n a e s t h e s i a  i n  t e r m s  o f  a r e d u c e d  
i n c i d e n c e  o f  o o n f u s i o n a l  s t a t e s  a f t e r  r e p a i r  o f  f r a c t u r e d  neck
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o f  f e m u r .  Any su c h  s t u d y  w o u ld  need  m os t  c a r e f u l  p s y c h o l o g i c a l  
a s s e s s m e n t s  b e f o r e  and a f t e r  s u r g e r y  by o b s e r v e r s  u n a w a re  o f  
t h e  a n a e s t h e t i c  t e c h n i q u e  u s e d .
I t  may w e l l  be t h a t  t h e r e  a r e  a d v a n t a g e s  o f  s p i n a l  
a n a e s t h e s i a  y e t  t o  be d e m o n s t r a t e d ,  i n c l u d i n g  e f f e c t s  on p o s t ­
o p e r a t i v e  m o r b i d i t y  o r  m o r t a l i t y  b u t ,  i n  t h e  o p i n i o n  o f  t h e  
a u t h o r ,  t h e  p r e s e n t  s t u d y  d o e s  n o t  seem t o  s u p p o r t  t h e  v iew  
t h a t  s p i n a l  a n a e s t h e s i a  i s  an  i n h e r e n t l y  s u p e r i o r  t e c h n i q u e  t o  
g e n e r a l  a n a e s t h e s i a  f o r  p a t i e n t s  w i t h  f r a c t u r e d  neck  o f  f e m u r .
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CEMmiLA
CHOICE OF ANAESTHETIC TECHNIQUE FOR PATIENTS HAVING 
REPAIR OF FRACTURED NECK OF FEMUR
[ 6 . 1 ]  I n t r o d u c t i o n
T h e re  a r e  a v a r i e t y  o f  a n a e s t h e t i c  t e c h n i q u e s ,  i n  a d d i t i o n  
t o  t h o s e  u s e d  i n  t h e  s t u d i e s  c o m p r i s i n g  t h e  p r e s e n t  t h e s i s ,  
w h ich  c o u l d  be u s e d  i n  p a t i e n t s  h a v i n g  r e p a i r  o f  f r a c t u r e d  neck  
o f  f e m u r .  These  i n c l u d e  t o t a l  i n t r a - v e n o u s  a n a e s t h e s i a ,  l o c a l  
n e r v e  b l o c k s  ( f e m o r a l  and s c i a t i c ) ,  l o c a l  a n a e s t h e t i c  
i n f i l t r a t i o n  and e p i d u r a l  a n a e s t h e s i a  and s u i t a b l e  c o m b i n a t i o n s  
and p e r m u t a t i o n s  o f  t h e s e  t e c h n i q u e s .  With  t h e  p o s s i b l e  
e x c e p t i o n  o f  e p i d u r a l  a n a e s t h e s i a ,  none of  t h e  a l t e r n a t i v e s  
seem s  p o p u l a r  f o r  t h i s  p a r t i c u l a r  a p p l i c a t i o n  i n  c u r r e n t  
B r i t i s h  a n a e s t h e t i c  p r a c t i c e .  I n  t h e o r y ,  many o f  t h e  a d v a n t a g e s  
and d i s a d v a n t a g e s  o f  s u b a r a c h n o i d  s p i n a l  a n a e s t h e s i a  w i l l  a p p l y  
t o  e p i d u r a l  a n a e s t h e s i a  b u t  t h e  l a t t e r  can be p r o l o n g e d  a s  
n e c e s s a r y  i f  a c a t h e t e r  i s  i n s e r t e d  i n t o  t h e  e p i d u r a l  s p a c e .  I t  
i s ,  h o w e v e r  more  l i k e l y  t o  pose  t e c h n i c a l  d i f f i c u l t y  t h a n  
s p i n a l  a n a e s t h e s i a  i n  t h e  e l d e r l y  p a t i e n t  w i t h  a r t h r i t i c  
c h a n g e s  i n  t h e  s p i n e .
I t  i s  p r o p o s e d ,  t h e r e f o r e ,  t o  r e s t r i c t  d i s c u s s i o n  on t h e  
c h o i c e  o f  a n a e s t h e t i c  t e c h n i q u e  f o r  f r a c t u r e d  neck  o f  f e m u r  t o  
t h e  c o m p a r a t i v e  a d v a n t a g e s  and d i s a d v a n t a g e s  o f  s p i n a l  and 
g e n e r a l  a n a e s t h e s i a ,  b e a r i n g  i n  mind t h e  f i n d i n g s  a l r e a d y  
p r e s e n t e d .  I n  o r d e r  t o  a t t e m p t  t o  c l a r i f y  d i s c u s s i o n ,  t h e  
a s p e c t s  w i l l  be p r e s e n t e d  u n d e r  a p p r o p r i a t e  s u b - h e a d i n g s .
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[ 6 . 2 ]  D u r a t i o n  o f  a n a e s t h e s i a
S p i n a l  a n a e s t h e s i a  a d m i n i s t e r e d  a s  a s i n g l e  i n j e c t i o n  i n t o  
t h e  c e r e b r o - s p i n a l  f l u i d  (CSF) c l e a r l y  h a s  a l i m i t e d  d u r a t i o n  
o f  a c t i o n .  The d u r a t i o n  w i l l  depend  on many f a c t o r s  (B ry c e -  
S m i t h ,  1976) i n c l u d i n g  t h e  d ru g  c h o s en ,  dose  and vo lum e 
i n j e c t e d ,  a d d i t i o n  o f  v a s o c o n s t r i c t o r ,  s p e e d  and  s i t e  o f  
i n j e c t i o n ,  s p e c i f i c  g r a v i t y  r e l a t i v e  t o  CSF, p o s i t i o n i n g  of  t h e  
p a t i e n t ,  u s e  o f  b a r b o t a g e  and u s e  o f  s u p p l e m e n t a r y  a n a l g e s i a  o r  
s e d a t i o n .  I t  i s  p o s s i b l e  t o  i n s e r t  a c a t h e t e r  i n t o  t h e  C.S.F. 
f o r  p r o l o n g e d  a n a e s t h e s i a  b u t  t h i s  p r a c t i c e  was  abandoned  many 
y e a r s  ago b e c a u s e  o f  t h e  r i s k  o f  s e v e r e  " s p i n a l "  h e a d a c h e .  The 
p r a c t i c a l  t i m e  l i m i t  o f  s p i n a l  a n a e s t h e s i a  i s  a r o u n d  3 h o u r s  
w i t h  a " h ig h "  b l o c k ,  b u t  f o r  t h e  d ru g  and d o s a g e  u s e d  i n  t h e  
p r e s e n t  s t u d y ,  e x p e r i e n c e  s u g g e s t s  a d u r a t i o n  b e t w e e n  2 and  3 
h o u r s .  T h i s  may be f a i r l y  c l o s e  t o  t h e  a c t u a l  o p e r a t i n g  t i m e  
r e q u i r e d  i n  many c a s e s ,  and  may be c o n s i d e r e d  a s o u r c e  o f  
a n x i e t y  t o  t h e  a n a e s t h e t i s t .  I n  t h e  p r e s e n t  s t u d y ,  d u r a t i o n  of  
a n a e s t h e s i a  was  a d e q u a t e  i n  a l l  c a s e s ,  b u t  s u r g e r y  was  
p e r f o r m e d  by e x p e r i e n c e d  s u r g e o n s  and t h u s  was  r e l a t i v e l y  
q u i c k .
By c o n t r a s t ,  g e n e r a l  a n a e s t h e s i a  can  be made t o  l a s t  ( f o r  
a l l  p r a c t i c a l  p u r p o s e s )  a s  l o n g  a s  r e q u i r e d ,  a l t h o u g h  v e r y  l o n g  
a n a e s t h e s i a  may be u n d e s i r a b l e  and a s s o c i a t e d  w i t h  p r o b l e m s  o f  
p r o l o n g e d  r e c o v e r y ,  t e m p e r a t u r e  c o n t r o l ,  f l u i d  b a l a n c e  and  i n  
e x t r e m e  c a s e s ,  t o x i c  e f f e c t s  o f  n i t r o u s  o x i d e  ( i f  u s e d )  on bone 
m arrow  and v i t a m i n  B^2 m e t a b o l i s m  ( S k a c e l ,  H e w l e t t ,  L e w is  e t  
a l ,  1 9 8 3 ) .
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[ 6 .3 ]  T e c h n i c a l  D i f f i c u l t y
Lumbar p u n c t u r e  i n  t h e  e l d e r l y  i s  c e r t a i n l y  more d i f f i c u l t  
t h a n  i n  t h e  y o u n g e r  p a t i e n t ,  and may, i n  a p r o p o r t i o n  o f  
p a t i e n t s  p ro v e  i m p o s s i b l e ,  even  t o  t h e  mos t  e x p e r i e n c e d  
a n a e t h e t i s t .  By c o m p a r i s o n ,  on a t e c h n i c a l  l e v e l ,  g e n e r a l  
a n a e s t h e s i a  s h o u l d  be a c h i e v a b l e  i n  some fo rm  on e v e r y  p a t i e n t  
p r e s e n t e d ,  a l t h o u g h  i n  some c a s e s  i t  may p ro v e  t o  be a m a j o r  
p r o b le m .  T h i s  d oes  n o t  i m p l y  t h a t  t h e  s a f e  and sm ooth  
a d m i n i s t r a t i o n  o f  g e n e r a l  a n a e s t h e s i a  i n  t h i s  c a t e g o r y  of  
p a t i e n t  i s  e a s y ,  o r  s h o u l d  be l e f t  t o  t h e  i n e x p e r i e n c e d  
a n a e s t h e t i s t .
[ 6 .4 ]  Time Taken f o r  I n d u c t i o n
S p i n a l  a n a e s t h e s i a  a l m o s t  a l w a y s  t a k e s  more  t i m e  to  
e s t a b l i s h  t h a n  g e n e r a l  a n a e s t h e s i a .  I n t r a - v e n o u s  a c c e s s  m us t  be 
e s t a b l i s h e d  and t h e  p a t i e n t  p o s i t i o n e d .  The a n a e s t h e t i s t  m us t  
" s c r u b - u p "  b e f o r e  p e r f o r m i n g  l u m b a r  p u n c t u r e ,  a p r o c e d u r e  w h ic h ,  
i f  d i f f i c u l t ,  may t a k e  some t i m e  t o  p e r f o r m .  Once i n j e c t e d ,  t h e  
l o c a l  a n a e s t h e t i c  a g e n t  w i l l  t h e n  t a k e  a f i n i t e  t i m e  t o  a c t ,  a 
t i m e  w h ic h  v a r i e s  w i t h  t h e  d r u g  c h o s e n  b u t  i s  u s u a l l y  b e t w e e n  5 
and 20 m i n u t e s .
G e n e r a l  a n a e s t h e s i a  w i l l  u s u a l l y  be i n d u c e d  i n t r a v e n o u s l y  
and  t h e  t r a c h e a  i n t u b a t e d .  T h i s  p r o c e d u r e  i s  n o r m a l l y  f o l l o w e d  
by m a i n t e n a n c e  o f  a n a e s t h e s i a  by v o l a t i l e  or  i n t r a v e n o u s  
a g e n t s ,  o r  a s u i t a b l e  c o m b i n a t i o n .  Some a n a e s t h e t i s t s  w i l l  
a l l o w  a d m i n i s t r a t i o n  o f  a n a e s t h e t i c  a g e n t s  by f a c e  mask.  The 
t i m e  t a k e n  f o r  t h e s e  p r o c e d u r e s  i s  i n  t h e  o r d e r  o f  5 t o  10 
m i n u t e s .  S p i n a l  a n a e s t h e s i a  w i l l  t y p i c a l l y  t a k e  up t o  t w i c e  a s  
l o n g ,  o r  l o n g e r  i f  d i f f i c u l t i e s  a r e  e n c o u n t e r e d .
Li
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[ 6 . 5 ]  O p e r a t i n g  c o n d i t i o n s
I n  p a t i e n t s  w i t h  f r a c t u r e d  n e c k  o f  f e m u r ,  t h e r e  i s  no 
e v i d e n c e  t h a t  e i t h e r  m e thod  o f  a n a e s t h e s i a  p r o v i d e s  s u p e r i o r  
o p e r a t i n g  c o n d i t i o n s .  Both  can  p r o v i d e  an  a d e q u a t e  d e g r e e  o f  
m u s c l e  r e l a x a t i o n  and ,  a s  shown i n  t h e  p r e s e n t  t h e s i s ,  t h e r e  i s  
no e v i d e n c e  o f  any d i f f e r e n c e  i n  b lo o d  l o s s  i n  t h e  h i p  f r a c t u r e  
p a t i e n t  d e s p i t e  f i n d i n g s  o f  r e d u c e d  i n t r a - o p e r a t i v e  b l o o d  l o s s  
a s s o c i a t e d  w i t h  s p i n a l  a n a e s t h e s i a  f o r  h i p  r e p l a c e m e n t  s u r g e r y  
( T h o r b u r n  e t  a l ,  1980). Some s u r g e o n s  (and a n a e s t h e t i s t s )  may 
d i s l i k e  o p e r a t i n g  w i t h  a c o n s c i o u s  o r  s e m i - c o n s c i o u s  p a t i e n t  a s  
i t  i n h i b i t s  c o n v e r s a t i o n  d u r i n g  t h e  p r o c e d u r e .
[ 6 .6 ]  A c c e p t a b i l i t y  t o  t h e  P a t i e n t
Most p a t i e n t s  i n  B r i t a i n  e x p e c t  t o  r e c e i v e  g e n e r a l  
a n a e s t h e s i a  f o r  m a j o r  p r o c e d u r e s  a l t h o u g h  a t t i t u d e s  may be 
s l o w l y  c h a n g i n g  w i t h  t h e  w i d e s p r e a d  p u b l i c i t y  g i v e n  t o  t h e  u s e  
o f  e p i d u r a l  a n a e s t h e s i a  i n  o b s t e t r i c s .  P e r f o r m a n c e  o f  l u m b a r  
p u n c t u r e  demands t h a t  a p a t i e n t  i s  e i t h e r  i n  t h e  s i t t i n g  o r  
l a t e r a l  p o s i t i o n .  The f o r m e r  i s  i m p r a c t i c a l  i n  t h e  p a t i e n t  w i t h  
a h i p  f r a c t u r e  b e c a u s e  o f  p a i n  and  t h e  l a t e r a l  p o s i t i o n  i s  
u s e d .  However,  t u r n i n g  i n t o  t h e  l a t e r a l  p o s i t i o n  c an  s t i l l  be 
v e r y  p a i n f u l  and  s k i l l e d  h a n d l i n g  i s  n e c e s s a r y  t o  m i n i m i s e  
d i s c o m f o r t .  A l th o u g h  n o t  u s e d  a t  t h e  t i m e  o f  t h e  s t u d i e s  i n  
t h i s  t h e s i s ,  i n t r a v e n o u s  a n a l g e s i a  b e f o r e  t u r n i n g  t h e  p a t i e n t  
i s  now fo u n d  by t h e  a u t h o r  and o t h e r s  t o  be v e r y  h e l p f u l  and 
t h e  u s e  o f  k e t a m i n e  i n  a n a l g e s i c  d o s e s  h a s  t h e  a d v a n t a g e s  o f  
l a c k  o f  r e s p i r a t o r y  d e p r e s s i o n  and  m a i n t e n a n c e  o f  a r t e r i a l  
p r e s s u r e .  T h e re  i s  a r i s k  o f  h a l l u c i n a t i o n s  and  c o n f u s i o n  
(Knox, B o v i l l ,  C l a r k e  e t  a l ,  1970) ,  b u t  t h i s  s h o u l d  be m i n i m a l
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w i t h  s m a l l ,  s u b a n a e s t h e t i o ,  a n a l g e s i c  d o s e s  ( S l o g o f f ,  A l l e n ,  
W e s s e l s  e t  a l ,  1974).
The i n d u c t i o n  o f  g e n e r a l  a n a e s t h e s i a  can  u s u a l l y  be 
a c h i e v e d  w i t h  l i t t l e  o r  no a l t e r a t i o n  i n  t h e  p o s i t i o n  of  t h e  
p a t i e n t  i n  bed,  and t h i s  i s  o b v i o u s l y  more p l e a s a n t .
I n t r a - o p e r a t i v e l y ,  an a d e q u a t e  s p i n a l  b l o c k  w i l l  a b o l i s h  
a l l  p a i n  and f r e q u e n t l y  a l l  s e n s a t i o n  f rom  t h e  l e g s  and 
o p e r a t i v e  s i t e .  The p a t i e n t  w i l l  o f t e n  d r i f t  o f f  t o  s l e e p ,  
b e i n g  p a i n - f r e e ,  p o s s i b l y  f o r  t h e  f i r s t  t i m e  s i n c e  t h e  
f r a c t u r e .  However ,  t h e  o p e r a t i v e  p r o c e d u r e  may i n v o l v e  n o i s y  
d r i l l i n g  and h a m m e r in g  w h ic h  c an  be d i s t r e s s i n g  t o  t h e  p a t i e n t .  
G e n e r a l i s e d  d i s c o m f o r t  may become a p p a r e n t  a f t e r  l y i n g  on t h e  
o p e r a t i n g  t a b l e  f o r  a p e r i o d  o f  t i m e .  These  p r o b l e m s  can  be 
p a r t l y  a l l e v i a t e d  by j u d i c i o u s  u s e  of  s e d a t i o n  a n d / o r  
a n a l g e s i a .
G e n e r a l  a n a e s t h e s i a ,  o f  c o u r s e ,  i s  n o t  a s s o c i a t e d  w i t h  any 
o f  t h e s e  p r o b l e m s  and t h u s  may be c o n s i d e r a b l y  more  p l e a s a n t  
f o r  t h e  p a t i e n t .
[6 .7  3 P o s t - o p e r a t i v e  R ec o v e ry
G e n e r a l  a n a e s t h e s i a  can  be f o l l o w e d  by a number  o f  m a j o r  
and  m i n o r  s e q u e l a e  (Owens,  1980).  Nausea  and  v o m i t i n g ,  
s h i v e r i n g  and v e n o u s  t h r o m b o - p h l e b i t i s  i n  t h e  arm may o c c u r .  
P r o l o n g e d  s e d a t i o n  and d i s t u r b a n c e  o f  p s y c h o - m o t o r  f u n c t i o n  may 
a l s o  be t r o u b l e s o m e .  P o s t - o p e r a t i v e  h y p o x a e m ia  h a s  been  f u l l y  
d i s c u s s e d  i n  c h a p t e r  2 o f  t h i s  t h e s i s .  The i n c i d e n c e  of  c h e s t  
i n f e c t i o n  a f t e r  g e n e r a l  o r  s p i n a l  a n a e s t h e s i a  a p p e a r s  t o  be 
s i m i l a r  (Ürbach  e t  a l ,  1964).
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The a c t i o n  o f  some d r u g s  may p e r s i s t  u n i n t e n t i o n a l l y  i n t o  
t h e  p o s t - o p e r a t i v e  p e r i o d  and ,  f o r  ex a m p le ,  m u s c l e  r e l a x a n t  
d r u g s  may be i n c o m p l e t e l y  r e v e r s e d .  The o c c u r e n c e  o f  m u s c l e  
p a i n s  a f e r  s u x a m e th o n iu m  s h o u l d  n o t  be a s i g n i f i c a n t  p ro b le m  i n  
t h e  e l d e r l y ,  r e l a t i v e l y  i m m o b i l e ,  p a t i e n t  ( H u r t l e s  and 
T u n s t a l l ,  1961).
The m o s t  f r e q u e n t  s e q u e l a e  o f  s p i n a l  a n a e s t h e s i a  a r e  
p e r s i s t e n c e  o f  s e n s o r y  and  m o t o r  b l o c k  f o r  a s h o r t  t i m e  a f t e r  
o p e r a t i o n .  The f o r m e r  may be c o n s i d e r e d  b e n e f i c i a l ,  g i v i n g  
a n a l g e s i a ,  b u t  p e r s i s t e n t  m o t o r  b l o c k  can be u n p l e a s a n t .  The 
m o s t  t r o u b l e s o m e  p ro b le m  f o l l o w i n g  s p i n a l  a n a e s t h e s i a  i s  
" s p i n a l "  h e a d a c h e  due t o  l o s s  o f  CSF ( M o r r i s ,  1972).  The 
f r e q u e n c y  of  t h i s  c o m p l i c a t i o n  d e p e n d s  on s e v e r a l  f a c t o r s  
i n c l u d i n g  age ,  gauge  o f  n e e d l e  u s e d ,  s p e e d  o f  m o b i l i s a t i o n  and  
s t a t e  o f  h y d r a t i o n .  I t  i s  p r e s u m a b l y  l e s s  l i k e l y  i n  t h e  e l d e r l y  
i m m o b i l e  p a t i e n t  w i t h  h i p  f r a c t u r e .  The i n c i d e n c e  was  n o t  
ex a m in e d  i n  t h e  p r e s e n t  s t u d y  b u t  no s p o n t a n e o u s  r e p o r t s  
o c c u r r e d .
The more  s e r i o u s  n e u r o l o g i c a l  s e q u e l a e  w h ic h  have  been  
a t t r i b u t e d  t o  s p i n a l  a n a e s t h e s i a  h a v e  been  d i s c u s s e d  e a r l i e r  i n  
t h i s  t h e s i s  and  p e r m a n e n t  n e u r o l o g i c a l  p r o b l e m s  seem t o  be o f  
e x t r e m e  r a r i t y ,  i f  t h e y  o c c u r  a t  a l l .
[ 6 .8 ]  O th e r  C o m p l i c a t i o n s
a) G e n e r a l  A n a e s t h e s i a
The l i s t  o f  p o s s i b l e  c o m p l i c a t i o n s  o f  g e n e r a l  a n a e s t h e s i a  
i s  t o o  e x t e n s i v e  t o  f u l l y  d i s c u s s  h e r e .  A r e v i e w  may be f o u n d  
i n  "A S y n o p s i s  o f  A n a e s t h e s i a " ,  ( A t k i n s o n ,  Bushman and Lee,
1977).  The more common p r o b l e m s  i n c l u d e  h y p o t e n s i o n ,  c a r d i a c
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d y s r h y t h m i a s ,  a i r w a y  p r o b l e m s  and d i f f i c u l t y  i n  r e v e r s a l  of  
m u s c l e  r e l a x a n t s .  More r a r e l y  t h e r e  may be a d v e r s e  r e a c t i o n s  t o  
i n t r a v e n o u s  a g e n t s  ( W a t k i n s ,  1979) ,  o c c a s i o n a l l y  o f  a s e r i o u s  
a n a p h y l a c t i c  o r  a n a p h y l a c t o i d  t y p e .  Very r a r e l y ,  h e p a t i t i s  may 
d e v e l o p  a f t e r  t h e  u s e  o f  h a l o t h a n e  (M o u l t  and  S h e r l o c k ,  1975) 
e s p e c i a l l y  i f  r e p e a t e d  w i t h i n  a s h o r t  p e r i o d  (e .g .  3 m o n th s ) .  A 
r a r e ,  b u t  o f t e n  f a t a l  c o m p l i c a t i o n  o c c u r r i n g  i n  a s s o c i a t i o n  
w i t h  g e n e r a l  a n a e s t h e s i a  i s  m a l i g n a n t  h y p e r p y r e x i a  ( E l l i s ,  
Keaney and H a r r i m a n ,  1973) w h ic h  may a l s o  be t r i g g e r e d  by l o c a l  
a n a e s t h e t i c  a g e n t s ,
b) S p i n a l  a n a e s t h e s i a
D r a m a t i c  f a l l s  i n  a r t e r i a l  b lo o d  p r e s s u r e  a r e  u n d o u b t e d l y  
t h e  m o s t  common c o m p l i c a t i o n  o f  s p i n a l  a n a e s t h e s i a ;  i n d e e d  
v a s o d i l a t a t i o n  c o n s e q u e n t  upon  s y m p a t h e t i c  b l o c k a d e  i s  i n h e r e n t  
i n  t h e  t e c h n i q u e .  The h y p o v o l a e m i c  p a t i e n t  and t h o s e  w i t h  
i m p a i r e d  c a r d i o v a s c u l a r  f u n c t i o n  f o r  any r e a s o n ,  i n c l u d i n g  d r u g  
t h e r a p y ,  a r e  l e s s  a b l e  t o  c o m p e n s a t e  f o r  t h i s  e f f e c t  and  t h e  
e l d e r l y  p a t i e n t  w i t h  a f r a c t u r e d  h i p  f r e q u e n t l y  i s  i n  t h i s  
c a t e g o r y .  U n e x p e c t e d l y  h i g h  b l o c k s  o c c a s i o n a l l y  o c c u r  and  
d e s p i t e  a p p a r e n t l y  s u c c e s f u l  l u m b a r  p u n c t u r e  c o m p l e t e  f a i l u r e  
o f  b l o c k  does  happen .
[ 6 . 9 ]  C o n c l u s i o n s
As t h i s  t h e s i s  h a s  d e m o n s t r a t e d  no l o n g  t e r m  b e n e f i t s  o f  
s p i n a l  a n a e s t h e s i a  and  b e c a u s e  i t  h a s  many p r a c t i c a l  
d i s a d v a n t a g e s  m a k in g  i t  more d i f f i c u l t  t o  manage  and  l e s s  
p r e d i c t a b l e ,  t h e  a u t h o r  h a s  come t o  t h e  c o n c l u s i o n  t h a t ,  w i t h  
t h e  p r e s e n t  s t a t e  o f  k n o w le d g e ,  g e n e r a l  a n a e s t h e s i a  s h o u l d  be 
t h e  p r e f e r r e d  m e th o d  o f  a n a e s t h e s i a  f o r  p a t i e n t  u n d e r g o i n g
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s u r g i c a l  r e p a i r  o f  f r a c t u r e d  neck  o f  f e m u r .
S p i n a l  a n a e s t h e s i a  h o w e v e r ,  i s  a v e r y  u s e f u l  a l t e r n a t i v e  
t e c h n i q u e  w h ic h  s h o u l d  c o n t i n u e  t o  be t a u g h t  t o  t r a i n e e  
a n a e s t h e t i s t s  by t h o s e  e x p e r i e n c e d  i n  i t s  u s e .  I t  may be 
r e s e r v e d  f o r  p a t i e n t s  f o r  whom i t  m i g h t  be e x p e c t e d  t o  be 
b e n e f i c i a l .  These  m i g h t  i n c l u d e  p a t i e n t s  w i t h  s e v e r e  
i m p a i r m e n t  o f  r e s p i r a t o r y  f u n c t i o n ,  some c a r d i a c  c o n d i t i o n s  
( c o n g e s t i v e  c a r d i a c  f a i l u r e ) ,  d i a b e t i c s ,  t h o s e  w i t h  m u l t i p l e  
p r o b l e m s  o r  f o r  whom g e n e r a l  a n a e s t h e s i a  c a r r i e s  an  i n c r e a s e d  
r i s k  f o r  any o t h e r  r e a s o n  (d r u g  s e n s i t i v i t y ,  p o r p h y r i a  e t c . )
The e f f e c t s  o f  s p i n a l  a n a e s t h e s i a  on t h e  i n c i d e n c e  o f  deep  
v e i n  t h r o m b o s i s  and  b l o o d  v i s c o s i t y  a r e  o f  c o n s i d e r a b l e  
t h e o r e t i c a l  i n t e r e s t  and  f u t u r e  i n v e s t i g a t i o n  o f  t h e s e  e f f e c t s  
w o u ld  seem a f a s c i n a t i n g  and  i n t e r e s t i n g  f i e l d  o f  r e s e a r c h .
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